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^ (54) Title: WOUND TREATMENT APPARATUS AND METHOD 

(57) Abstract: An apparatus for cleansing wounds in which irrigant fluid from a reservoir connected to a conformable wound 
dressing and wound exudate from the dressing are moved by a device (which may be a single pump or two pumps) for moving fluid 
through a flow path which passes through the dressing and a means for providing simultaneous aspiration and irrigation of the wound, 
and means for stressing the wound bed and optionally tissue surrounding the wound. The former removes materials deleterious to 
wound healing, while distributing materials that are beneficial in promoting wound healing over the wound bed. The latter promotes 
wound healing. The dressing and a method of treatment using the apparatus. 
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WOUND TREATMENT APPARATUS AND METHOD 

The present invention relates to apparatus and a medical wound dressing 
for aspirating, irrigating and/or cleansing wounds, and a method of treating 
5 wounds using such apparatus for aspirating, irrigating and/or cleansing 
wounds. 

It relates in particular to such an apparatus, wound dressing and method 
that can be easily applied to a wide variety of, but in particular chronic, 
10 wounds, to cleanse them of materials that are deleterious to wound healing, 
whilst distributing materials that are beneficial in some therapeutic aspect, 
in particular to wound healing. 

Aspirating and/or irrigating apparatus are known, and tend to be used to 
15 remove wound exudate during wound therapy. In known forms of such 
wound therapy, aspiration and irrigation of the wound generally take place 
sequentially. 

Each part of the therapy cycle is beneficial in promoting wound healing: 

20 

Aspiration applies a negative pressure to the wound, which is beneficial in 
itself in promoting wound healing by removing materials deleterious to 
wound healing with the wound exudate, reducing bacterial load, combating 
peri-wound oedema, increasing local blood flow to the wound and 
25 encouraging the formation of wound bed granulation tissue. 

Irrigation cleanses wounds of materials that are deleterious to wound 
healing by diluting and moving wound exudate (which is typically relatively 
little fluid and may be of relatively high viscosity and particulate-filled. 

30 

Additionally, relatively little of beneficial materials involved in promoting 
wound healing (such as cytokines, enzymes, growth factors, cell matrix 
components, biological signalling molecules and other physiologically active 
components of the exudate) are present in a wound, and are not well 
35 distributed in the wound, i.e. they are not necessarily present in parts of the 
wound bed where they can be potentially of most benefit. These may be 
distributed by irrigation of the wound and thus aid in promoting wound 
healing. 
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The irrigant may additionally contain materials that are potentially or 
actually beneficial in respect of wound healing, such as nutrients for wound 
cells to aid proliferation, and gases, such as oxygen. These may be 
distributed by irrigation of the wound and thus aid in promoting wound 
5 healing. 

If aspiration and irrigation therapy is applied sequentially to a wound, the 
two therapies, each of which is beneficial in promoting wound healing, can 
only be applied intermittently. 

10 

Thus, the wound will lose the abovementioned known beneficial effects of 
aspiration therapy on wound healing, at least in part, while that aspiration is 
suspended during irrigation. 

15 Additionally, for a given aspirate flow, whilst materials that are potentially or 
actually deleterious in respect of wound healing are removed from wound 
exudate, the removal in a given time period of application of the total 
irrigate and/or aspirate therapy will normally be less effective and/or slower 
than with continuous application of aspiration. 

20 

Even less to be desired, is that while aspiration is not applied to the wound, 
wound exudate and materials deleterious to wound healing (such as 
bacteria and debris, and iron II and iron III and for chronic wounds 
proteases, such as serine proteases) will pool on the wound bed and hinder 
25 wound healing, especially in a highly exuding wound. The influx of local 
oedema will also add to the chronicity of the wound. This is especially the 
case in chronic wounds. 

Depending on the relative volumes of irrigant and wound exudate, the 
30 mixed exudate-irrigant fluid and may be of relatively high viscosity and/or 
particulate-filled. Once it is present and has pooled, it may be more difficult 
to shift by the application of aspiration in a conventional sequential aspirate 
- irrigate - dwell cycle than with continuous simultaneous aspiration and 
irrigation of the wound, owing to the viscosity and blockage in the system. 

35 
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The wound will also lose the abovementioned beneficial effects of irrigation 
therapy on wound healing, at least in part, while that irrigation is suspended 
during aspiration. 

5 These benefits in promoting wound healing include the movement of 
materials that are beneficial in promoting wound healing, such as those 
mentioned above. 

Additionally, for a given irrigant flow, the cleansing of the wound and the 
10 distribution by irrigation of the wound of such beneficial materials in a given 
time period of application of the total irrigate and/or aspirate therapy when 
such therapy is in a conventional sequential aspirate - irrigate - dwell cycle 
will normally be less effective and/or slower than with continuous 
application of aspiration. 

15 

Such known forms of aspiration and/or irrigation therapy systems also often 
create a wound environment that may result in the loss of optimum 
performance of the body's own tissue healing processes, and slow healing 
and/or in weak new tissue growth that does not have a strong three- 
20 dimensional structure adhering well to and growing from the wound bed. 
This is a significant disadvantage, in particular in chronic wounds. 

The relevant devices tend not to be portable. 

25 It thus would be desirable to provide a system of aspiration and irrigation 
therapy for a wound, which 

can remove wound exudate and materials deleterious to wound hiealing 
from contact with the wound bed, 

whilst simultaneously cleansing it and distributing materials that are 
30 beneficial in promoting wound healing across it. 

It is further desirable to provide a system which: 

a) obviates at least some of the abovementioned disadvantages of known 
aspiration and/or irrigation systems, and 
35 b) is portable. 
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Vascular supply to, and aspiration in, tissue underlying and surrounding the 
wound is often compromised. 

It is further desirable to provide a system of therapy that also promotes 
5 vascular supply to tissue underlying and surrounding a wound, promoting 
wound healing. 

Additionally, known forms of wound dressing and aspiration and/or irrigation 
therapy systems often create a wound environment under the backing layer 
10 that may result in the loss of optimum performance of the body's own tissue 
healing processes, and slow healing and/or in weak new tissue growth that 
does not have a strong three-dimensional structure adhering well to and 
growing from the wound bed. This is a significant disadvantage, in 
particular in chronic wounds. 

15 

It is an object of the present invention to provide a system of therapy which 
can: 

i) remove materials deleterious to wound healing from wound exudate. 

ii) creates stress or strain across the wound bed and optionally tissue 
20 surrounding the wound, e.g. by applying an optionally varying 

positive and/or negative pressure to the wound. 

The terms stress and strain have slightly different meanings, but in the 
context of this application, are often used interchangeably. "Stress" refers 

25 to a physical force acting upon a surface or structure, in this case a wound 
bed. Stress is typically defined as force per unit area on a surface. "Strain" 
refers to a mechanical deflection of a surface or structure caused by stress, 
again in this case a wound bed. Stress may cause strain, or vice versa, but 
in the context of the present application, where the term stress is used, it 

30 should be understood to refer to stress or strain of the wound bed. For 
example, applying a positive pressure to a wound bed will apply a stress to 
the surface of the wound bed, but will also apply a strain as the wound bed 
is a resilient structure which will deflect as a result of the pressure. On the 
other hand deflection of the wound bed in one area (i.e. applying a strain) 

35 may cause stress and/or strain in another area. Accordingly where the 
term stress or strain is used in the present application, they should not be 
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taken in their strict mechanical meaning (although that may be appropriate) 
but should be understood to mean the deflection or application of force to 
the cells of the wound bed and or surrounding areas. 

5 Such a stress or strain across the wound bed and optionally tissue 
surrounding the wound, e.g. an optionally varying positive and/or negative 
pressure applied to the wound, has been found to result in an increase in 
improvements to wound healing, such as an increase in cell proliferation, 
revascularisation, improved breaking strength and reduction of wound 
10 recurrence. 

The resultant tissue growth has a strong three-dimensional structure 
adhering well to and growing from the wound bed. It also stimulates blood 
flow in underlying tissue and optionally tissue surrounding the wound. 

15 

Removal of fluid by optionally varying negative pressure leads to reduction 
of interstitial oedema and pressure directly affecting the lymphatic and 
capillary system, restoring lymph function. 

20 All of these are beneficial to wound healing. 

The application of stress and/or strain to a wound bed to improve healing is 
equally applicable to both sequential systems (i.e. empty/fill cycles) or 
simultaneous irrigate/aspirate systems. Although it is generally preferred to 
25 use a simultaneous system due to the benefits of such a system, there may 
be circumstances where a sequential system is preferred, e.g. due to cost. 

According to a first aspect of the present invention there is provided an 
apparatus for aspirating, irrigating and/or cleansing of a wound, comprising 
30 a) a fluid flow path, comprising a conformable wound dressing, having a 
backing layer which is capable of forming a relatively fluid-tight seal or 
closure over a wound and at least one pipe which passes through 
and/or under the wound-facing face to allow irrigation and/or aspiration 
of a wound, and wherein the point at which the at least one pipe passes 
35 through and/or under the wound-facing face forms a relatively fluid-tight 
seal or closure over the wound, when in use; 
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b) a fluid reservoir connectable by a fluid supply tube to the at least one 
pipe and 

c) at least one device for moving fluid through the wound dressing to 
the wound and/or moving fluid from the wound; 

5 characterised in that the apparatus it comprises 

d) means for applying stress to the wound bed and optionally tissue 
surrounding the wound. 

Generally it is preferred that the apparatus has at least one inlet pipe for 
10 connection to a fluid supply tube to allow irrigation and 

at least one outlet pipe for connection to a fluid offtake tube to allow 
aspiration 

each of which passes through and/or under the wound-facing face. 

15 Such an embodiment is suitable for both sequential and simultaneous 
systems, whereas a single pipe system is only suitable for sequential 
fill/empty cycles. 

In one embodiment the present invention provides means for providing 
20 simultaneous aspiration and irrigation of the wound, 

such that fluid may be supplied to fill the flowpath from the fluid reservoir via 
the fluid supply tube (optionally via means for supply flow regulation) while 
fluid is aspirated by a device through the fluid offtake tube (optionally or as 
necessary via means for aspirate flow regulation). 

25 

Such an embodiment is particularly suitable for simultaneous irrigation and 
aspiration and thus forms a preferred embodiment of the present Invention. 

Where any pipe is described in connection with the apparatus as being 
30 connected or for connection to a (mating end of a) tube, e.g. a fluid supply 
tube or fluid offtake tube, the pipe and the tube may form a single integer in 
the flow path. 

As noted hereinbefore, the present invention in this aspect advantageously 
35 provides a means for combining more than one therapy in a single dressing 
system, such as 
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a) removal of materials deleterious to wound healing from wound exudate, 
and 

b) promoting wound healing, by stimulating new tissue growth adhering 
well to and growing from the wound bed, by creating stress across the 

5 wound bed and optionally tissue surrounding the wound. 

In all relevant embodiments of the present apparatus for irrigating, stressing 
and/or cleansing wounds, it is advantageous that it additionally, where 
appropriate, comprises a system which can regulate the pressure on the 
10 wound bed, under the wound dressing. 

Preferably such a system is a conventional automated, programmable 
system which can maintain the wound at or near an appropriate, desired 
stress to the wound bed and optionally tissue surrounding the wound, to an 
15 appropriate, desired programme while moving fluid over the wound bed at 
an appropriate, desired rate. 

Examples of suitable means for the stimulation of the healing of wounds 
and tissue adhering well to and growing from the wound bed include 
20 applying mechanical stimulus to the wound bed and optionally tissue 
surrounding the wound via the wound dressing and/or via the fluid under 
dressing. 

Examples of suitable ways in which this can in turn be achieved include 
25 applying an optionally varying positive and/or negative pressure at any 
appropriate point for stressing the wound. 

The amplitude of the positive and/or negative pressure on the wound bed 
and optionally tissue surrounding the wound and/or the fluid thereover may 

30 be constant, but more usually is varied, preferably cyclically, either 
randomly or regularly. Such cyclical variation of the pressure applied to the 
wound is effectively the application of an amplitude waveform at a desired 
frequency to apply a desired level of stress to the wound bed and optionally 
tissue surrounding the wound (it should be noted that application of a 

35 varying pressure may cause strain to the surface of the wound, i.e. 
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deflection of the wound bed, but this is envisaged in the term stress as 
used herein). 

The desired level and regime of stress to the wound bed and optionally 
5 tissue surrounding the wound may be applied conventionally by varying the 
positive and/or negative pressure applied to the wound bed, e.g. by 

a) varying the rate of the means for moving fluid over the wound bed as 
appropriate or desired, e.g. the rate of any pump used to apply 
positive or negative pressure to the wound bed at any appropriate 

10 point for stressing the wound, 

b) bleeding fluids, especially gases, such as air and nitrogen, but not 
excluding liquids, such as water and saline, or gas in liquid aerosols; 
and gels into the flowpath in any appropriate part of the apparatus to 
vary the pressure applied to the wound to a desired level and/or 

15 programme, and/or 

c) varying the pressure in any inflatable filler within the wound dressing 
as appropriate or desired, as described in more detail hereinafter. 

Preferably, such regular or random variation of the positive and/or negative 
20 pressure applied to the wound will be effected by conventional process 
control devices and/or software. 

The stimulation of the healing of wounds in the present invention may also 
be effected by agitation of the wound bed and/or creating intermittent flow 
25 and/or turbulence to stimulate the cells. This can be done preferably by 
regularly or randomly pulsing a positive and/or negative pressure applied to 
the wound at any appropriate point for this purpose. 

Such pulsed variation of the pressure applied to the wound is again 
30 effectively the application of an amplitude waveform at a desired frequency 
to apply a desired level of stress to the wound bed and optionally tissue 
surrounding the wound. 

Pulsing the pressure on the wound may advantageously also provide a 
35 means to over-ride pain, similar to TENS. 
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The range of variation of the pulsed positive and/or negative pressure 
applied to the wound will be substantially less than the maximum levels of 
pressure referred to below, i.e. less than 50% atm and typically significantly 
lower. 

5 

The frequencies of such pulsed stressing across the wound will be 
substantially higher than those of the cycles of positive and/or negative 
pressure to the wound bed and optionally tissue surrounding the wound for 
the stimulation of the healing of wounds referred to above. 

10 

The range of variation of the pulsed positive and/or negative pressure 
applied to the wound will generally be substantially less than the maximum 
levels of pressure and than the range of variation in the levels of pressure 
referred to below in respect of cycles of positive and/or negative pressure. 

15 

To clarify there are two forms of stress generally envisaged as being useful, 
i.e. those achieved by a slow cycling of pressure, and those achieved by a 
more rapid pulsing of pressures. The range of pressure in a "cycle" is 
typically significantly greater than that of a "pulse". An analogy is a carrier 
20 wave (the cycle) containing the pulse superimposed upon it. 

Regularly or randomly pulsing any pressure applied to the wound may be 
effected essentially as described hereinbefore in connection with the 
variation of the positive and/or negative pressure applied to the wound. 
25 Again, such regular or random pulsing of the positive and/or negative 
pressure applied to the wound may be effected by conventional process 
control devices and/or software. 

Such pulsing of any pressure applied to the wound may be applied as an 
30 amplitude modulation of the positive and/or negative pressure applied to 
the wound bed and optionally tissue surrounding the wound, which in turn 
may be held constant, but more usually is varied, preferably cyclically, 
either randomly or regularly (i.e. the carrier wave referred to above may in 
fact be a constant positive or negative pressure), but this is generally less 
35 preferred. 
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10 

Where the levels of such pressure above or below atmospheric are held 
constant, this is often achieved in the present apparatus, where 
appropriate, by use of a control device that can regulate the pressure in the 
wound dressing by bleeding fluids, especially gases, such as air and 
5 nitrogen, but not excluding liquids, such as water and saline, or gas in liquid 
aerosols; and gels into the flowpath in any appropriate part of the apparatus 
to vary the pressure applied to the wound to a desired level and/or 
programme. 

10 This often results in any device for moving fluid through the wound that is 
downstream of the dressing and that applies an overall negative pressure in 
the wound space, e.g. a vacuum pump, pumping a heterogeneous mixture 
of liquid wound exudate and irrigant from the wound dressing with bleed 
gases, such as air and nitrogen. This can result in pulsing of any pressure 

15 applied to the wound. 

The pumping rate and the dimensions of the offtake and/or supply tubes 
may be adjusted to maintain the desired balance of pulsing pressure 
amplitude and frequencies on the wound. 

20 

Preferably such a system is a conventional automated, programmable 
system which can maintain the appropriate pulse regimen to the wound. 

Stimulus to the wound bed and optionally tissue surrounding the wound by 
25 applying an optionally varying positive and/or negative pressure and 
agitation of the wound bed to stimulate the cells by regularly or randomly 
pulsing any pressure applied to the wound are mutually compatible. They 
may, as appropriate, be applied alone or together. 

30 Thus, an embodiment of the apparatus for irrigating, stressing and/or 
cleansing wounds of the present invention is characterised in that it 
comprises means for supplying optionally varying positive and/or negative 
pressure, which is optionally pulsed, to a wound bed and optionally tissue 
surrounding the wound for the stimulation of the healing of the wound. 



35 
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As noted hereinbefore, in the present invention in this aspect, the positive 
and/or negative pressure on the wound bed and/or the fluid thereover and 
optionally tissue surrounding the wound may be constant, but more usually 
is varied, preferably cyclically, either randomly or regularly. Where the 
5 pressure on the wound bed and/or the fluid thereover and optionally tissue 
surrounding is varied, it may be a varying positive or negative pressure, or it 
may as appropriate vary from positive to negative or vice versa, again 
preferably cyclically, and either randomly or regularly. It may vary about a 
constant positive or negative baseline pressure, or less usually about a 
10 varying baseline pressure. Examples of maximum levels of such pressure 
above and below atmospheric include 50% atm. e.g. between 5 and 40% 
atm., e.g. between 15 and 35% atm. 



Examples of suitable frequencies of such regular cycles of pressure for the 
15 stimulation of the healing of wounds include 1 to 48 per 24hr, such as 12 to 
24 per 24hr, e.g. 2 to 1 per hr. 

Examples of suitable waveforms of such cycles either regularly or randomly 
for the stimulation of the healing of wounds include curved, e.g. sinusoidal, 
20 random white noise and sawtooth for higher frequencies, and usually 
square for lower frequencies. 

Examples of suitable frequencies of regular pulses for the stimulation of the 
healing of wounds include 1 to 3000 per min (0.016 - 50 Hz), e.g. 30 to 60 
25 per min, e.g. 3 to 20 per min, i.e. 0.05 to 0.33 Hz, such as 5 to 10 per min. 

Such pulses may be varying positive or negative pressure pulses, or they 
may as appropriate vary from positive to negative or vice versa, again 
preferably cyclically, and either randomly or regularly, 

30 

They may vary about a constant positive or negative baseline pressure or 
about a varying baseline pressure. Examples of maximum amplitudes for 
such pulses are up to 10 mm Hg above and below the constant positive or 
negative baseline pressure, e.g up to 7 mm Hg or up to 3 mm Hg. 



35 
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Examples of suitable waveforms of such pulses either regularly or randomly 
for the stimulation of the healing of wounds include curved, e.g. sinusoidal, 
random white noise sawtooth, square and a systolic-diastollc asymmetric 
sawtooth. 

5 

Where the amplitude of regular cycles of pressure is modulated by 
superimposed regular pulses for the stimulation of the healing of wounds, 
examples of suitable frequencies of the combination include those where 
the carrier frequency is 1 to 48 per 24 hours and the superimposed 
10 frequency of the pressure pulses is 1 to 0.05 Hz, both with the respective 
amplitudes noted above. 

Examples of suitable waveforms of the cycles and the superimposed pulses 
may be regular or random and include curved, e.g. sinusoidal, random 
15 white noise, sawtooth, square and a systolic-diastolic asymmetric sawtooth. 

Examples of means for applying an optionally varying positive and/or 
negative pressure at any appropriate point for stressing the wound and/or 
regularly or randomly pulsing any pressure applied to the wound for 
20 promoting wound healing, whether applied alone or together, include a 
wound dressing as hereinbefore defined that comprises one or more 
expandable and contractible modules capable of applying pressure to the 
wound bed and optionally tissue surrounding the wound at any appropriate 
point for stressing the wound. 

25 

Examples of other suitable means of applying mechanical stimulus to the 
wound by optionally varying positive and/or negative pressure include a 
magnetic fluid in a chamber or other hollow structure under the backing 
layer of the dressing in contact with the wound bed and/or the fluid 
30 thereover. A regularly or randomly (preferably cyclically) varying and/or 
pulsing external magnetic field is applied to the magnetic fluid. However, 
such means are generally less favoured. 

Thus, one favoured embodiment of the apparatus for irrigating, stressing 
35 and/or cleansing wounds is characterised in that it comprises a wound 
dressing as hereinbefore defined that comprises one or more expandable 
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and contractible modules. Such a module is capable of applying pressure 
to the wound bed and optionally tissue surrounding the wound at any 
appropriate point for stressing the wound. It should be capable of 
maintaining the pressure on the wound bed and/or the fluid thereover and 
5 optionally tissue surrounding the wound at a constant level, but more 
usually it should be capable of regularly or randomly (preferably cyclically) 
varying and/or pulsing the pressure applied to the wound, all at or near an 
appropriate, desired level of stress to the wound bed and optionally tissue 
surrounding the wound, to an appropriate, desired programme while 
10 moving fluid over the wound bed at an appropriate, desired rate. 

Examples of suitable modules capable of applying pressure to the wound 
bed at any appropriate point for stressing the wound include a module in 
the wound dressing may be made of a polymer that can be electrically 
15 stimulated to change shape repeatedly at appropriate frequencies. 

A preferred module is a fluid-inflatable body that lies in the wound in use. 

Thus, one favoured embodiment of the apparatus for irrigating, stressing 
20 and/or cleansing wounds is characterised in that it comprises a wound 
dressing as hereinbefore defined that comprises one or more fluid-inflatable 
modules capable of applying pressure to the wound bed at any appropriate 
point for stressing the wound, 

25 This is capable of maintaining the pressure on the wound bed and/or the 
fluid thereover at a constant level, but more usually it is also capable of 
regularly or randomly (preferably cyclically) varying and/or pulsing the 
pressure applied to the wound, all at or near an appropriate, desired level of 
stress to the wound bed, to an appropriate, desired programme while 

30 moving fluid over the wound bed 

The module or modules is/are (usually cyclically) inflated and deflated by 
admitting and releasing fluid. 

Once the inflatable body has been inflated, it may be deflated as 
35 appropriate or desired, and then reinflated to again apply a positive 
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pressure to the wound, and the cycle may be repeated as appropriate or 
desired. 

Alternatively, it nnay be partially filled with an elastically resilient material, 
5 such as an elastomeric foam, that in its rest state is capable of applying a 
working pressure to the wound bed. The body may then be deflated as 
appropriate or desired, and then reinflated under the action of its filler 
material to again apply a positive pressure to the wound, and the cycle may 
be repeated as appropriate or desired. 

10 

Examples of forms of the body that are suitable such expandable and 
contractible modules capable of applying pressure to the wound bed at any 
appropriate point for stressing the wound include fluid-inflatable fillers and 
fluid-inflatable irrigant inlet manifolds comprised in the dressing, as 
1 5 described hereinafter in greater detail. 

Where the module is a fluid-inflatable filler, examples of suitable fluids 
include gases, such as air and nitrogen; liquids, such as water and saline; 
gas in liquid aerosols; and gels such as those described in greater detail 
20 hereinafter. Preferred fluids include gases, such as air or nitrogen. 

Where the module is a fluid-inflatable irrigant inlet manifold comprised in 
the dressing as described hereinafter in greater detail, it will be stimulated 
to change shape as appropriate and optionally at desired frequencies by 
25 inflation with irrigant, followed as desired by deflation. 

Examples of both are included hereinafter. 

Examples of such fillers include a substantially flat film, sheet or membrane, 
30 defining a chamber, pouch or other structure of the backing layer, e.g. of 
polymer film, which can contain the inflation fluid. 

It is provided with an inflation device for moving inflation fluid to the filler, 
and is connected to it by an inflation tube which communicates with its 
35 internal space. The inflation device may also serve as a deflation device for 
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moving inflation fluid from the filler, and the inflation tube also serves as a 
deflation tube. 



Alternatively or additionally, where appropriate the filler as hereinbefore 
5 defined may have a deflation pipe and a bleed valve to waste, e.g. to a 
collection bag if a non-gaseous fluid is used. The inflation device for 
moving inflation fluid then only serves as an inflation device to apply a 
positive pressure on the wound bed. 

10 Less usually, the filler may have an inflation device and a deflation device. 



Where it lies under the backing layer of the wound dressing of the 
apparatus of the invention, the inflation tube may run to the filler within the 
wound under the wound-facing face of the wound dressing. 

15 

However, the inflation tube may be connected to an inflation pipe that 
passes through the wound-facing face of the backing layer, the point at 
which the inflation pipe passes through the wound-facing face forming a 
relatively fluid-tight seal. 

20 

The inflation pipe may be in the form of an aperture, such as a funnel hole, 
opening, orifice, luer, slot or port for connection as a female member 
respectively to a mating end of the inflation tube (optionally or as necessary 
via means for forming a tube, pipe or hose, or nozzle), 

25 

Where the pipe passes through, rather than under the backing layer, the 
backing layer may often have a rigid and/or resiliency inflexible or stiff area 
to resist any substantial play between the or each pipe and the or each 
mating tube, or deformation under pressure in any direction. 

30 

It may often be stiffened, reinforced or otherwise strengthened by a boss 
projecting distally (outwardly from the wound) around each relevant tube, 
pipe or hose, or nozzle, hole, opening, orifice, luer, slot or port for 
connection to a mating end of the inflation tube. 

35 



The components may be a push, snap or twist-lock fit with each other. 
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The minimum calibre of tfie inflation tube and pipe must be sufficient for 
them to permit as rapid inflation and deflation of the filler as is desired. 

Suitably the range of cross-dimensions of the bore (i.e. calibre) may be 0.5 
5 to 6 mm, e.g. 1 .5 to 2 mm. 

Each should be resiliently flexible, and preferably soft with good 
conformability. This can be done for example by forming it of a suitable 
material, e.g. a resilient thermoplastic. 

10 

Examples of suitable inflation device for moving fluid into the filler include 
pumps. As noted above, the inflation device may also serve as a deflation 
device for moving inflation fluid from the filler, and the inflation tube also 
serves as a deflation tube. In such case, the pump must be a reversible 
15 pump used to increase and decrease the pressure on the wound bed as 
desired. 

Subject to this consideration, the type and/or capacity of the device will also 
be largely determined by 
20 the appropriate or desired positive or negative pressure to the wound bed, 
the nature of the fluid, i.e. whether it is a gas, such as air and nitrogen; a 
liquid, such as water and saline; a gas in liquid aerosol; or a gel; 
the desired frequencies and waveforms of such cycles either regularly or 
randomly. 

25 

The following types of pump may be used to apply positive pressure, as 
desired to the filler through an inflation tube which communicates with its 
internal space: 

30 Reciprocating Pumps, such as: 

Syringe or piston pumps - providing high pressure and high accuracy; 
Diaphragm pumps - where pulsations of one or two flexible 

diaphragms displace liquid while check valves 
control the direction of the fluid flow e.g. 
35 preferably a small portable diaphragm pump, 

and 
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Rotary pumps, such as: 

Centrifugal pumps - with rotating vaned disl< attached to a drive 

shaft moving fluid without pulsation as it spins. 
The outlet can be restricted without damaging 
5 the pump. 

Peristaltic pumps - with rollers on a rotor acting on fluid in a tube, 

e.g. preferably a small portable peristaltic pump. 

Of these, only piston pumps and rotary pumps, such as centrifugal pumps 
10 and peristaltic pumps are readily reversible pumps that may be used to 
increase and decrease the pressure on the wound bed as desired. 

Subject to this consideration, preferred reversible pumps include a small 
portable peristaltic pump. 

15 

Preferred non-reversible pumps to be used with a bleed valve to the filler 
then include a small portable syringe pump (which is often used once and 
then disposed of) or small portable diaphragm pump, e.g. a sphygmometric 
pump. 

20 

Where the module is a fluid-inflatable irrigant inlet manifold comprised In 
the dressing as described herein after in greater detail, it will be stimulated 
to change shape as appropriate and optionally at desired frequencies by 
inflation with irrigant, followed as desired by partial deflation. It should be 
25 noted that the use of such a system is more suited to a simultaneous 
system but could be applied to a sequential (Le. fill/empty cycle) system. 
When the manifold is inflated it will influence the pressure applied to the 
surface of the wound, and when deflated the pressure will be reduced (i.e. 
relative to the baseline of the system). 

30 

The device for moving fluid through the wound is used to move irrigant to 
inflate the inlet manifold and apply a positive pressure to the wound bed. 
As noted hereinafter, the device may suitably be a pump. 



35 



As noted hereinbefore, the pressure on the wound bed may be constant, 
but may be varied, preferably cyclically, either randomly or regularly. 
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To achieve this, the present apparatus, where appropriate, comprises a 
system that can regulate the pump output to the inlet manifold in the wound 
dressing. 

5 Preferably such a system is a conventional automated, programmable 
system which can maintain the wound at or near an appropriate, desired 
flow stress to the wound bed to an appropriate, desired programme while 
moving fluid over the wound bed. 

10 As noted hereinbefore, stimulation of the healing of wounds in the present 
invention may also be effected by regularly or randomly pulsing a pressure 
applied to the wound at any appropriate point for this purpose. 

Such pulsed flow across the wound may be provided by some types of the 
15 device for moving fluid through the wound. Certain diaphragm pumps 
described hereinafter in greater detail will be appropriate for this purpose, 
as are certain peristaltic pumps, and an electromechanical oscillator directly 
coupled to the wound dressing, would also be suitable. 

20 Suitable materials for such modules (i.e. fillers, manifolds etc) of any type 
include synthetic polymeric materials that do not absorb aqueous fluids, 
such as polyolefins, polysiloxanes and polyesters. They may be hydrophilic, 
and thus also include hydrophilic polyurethanes. They also include 
thermoplastic elastomers and elastomer blends, for example copolymers, 

25 such as ethyl vinyl acetate polystyrene and elastomeric polyurethane 
formed by solution casting. 

Where the present invention involves simultaneous irrigation/aspiration it 
provides several further advantages. 

30 

One is that application of an irrigant to a wound under simultaneous 
aspiration creates a wound environment that is exposed to the continuous 
beneficial effects of both aspects of the therapy for wound healing, as 
opposed to the sequential Intermittent application of irrigant flow and 
35 aspiration In known aspirating and/or irrigating apparatus. The latter result 
in less than optimum performance of the body's own tissue healing 
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processes, and slower healing and/or weaker tissue growth that does not 
have a strong three-dimensional structure adhering well to and growing 
from the wound bed. This is a significant disadvantage, in particular in 
chronic wounds. 

5 

Such a system is particularly suited for removing materials deleterious to 
wound healing with the wound exudate, reducing bacterial load, combating 
peri-wound oedema and encouraging the formation of wound bed 
granulation tissue. 

10 

Preferred embodiments of the apparatus of the present invention for 
aspirating, irrigating and/or cleansing chronic wounds apply a milder 
negative pressure than in conventional negative pressure therapy (which is 
too aggressive for the fragile tissues of many such wounds). This leads to 
15 increased patient comfort, and lessens the risk of inflammation of the 
wound. 

The removal of wound exudate in a given time period of application of the 
simultaneous irrigate and/or aspirate therapy will normally be more effective 
20 and/or faster than with a conventional sequential intermittent aspiration 
and/or irrigation therapy. 

Even more desirably, since simultaneous aspiration and irrigation is applied 
to the wound, wound exudate and materials deleterious to wound healing 
25 (such as bacteria and debris, and iron 1! and iron III and for chronic wounds 
proteases) will not pool on the wound bed and hinder wound healing, 
especially in a highly exuding wound. This is especially important in 
chronic wounds. 

30 The resulting mixed exudate-irrigant fluid will usually be of relatively lower 
viscosity. 

Because simultaneous aspiration and irrigation of the wound provides 
continuous removal at a constant relatively high speed, the fluid does not 
35 have to be accelerated cyclically from rest, and will be easier to shift than 
with known forms of aspiration and/or irrigation therapy systems with a 
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conventional sequential aspirate - irrigate - dwell cycle. This will thus exert 
a greater net effect on the removal of adherent bacteria and debris. 

This is especially the case in those embodiments of the apparatus of the 
5 present invention for aspirating, irrigating and/or cleansing wounds where 
there is an inlet manifold (as described below). 

An inlet manifold generally covers and contacts a significant area, 
preferably most, of the wound bed with openings that deliver the fluid 
10 directly to the wound bed over an extended area. 

It will be seen that the balance of fluid between fluid aspirated from the 
wound and irrigant supplied to the wound from the irrigant reservoir may 
provide a predetermined steady state concentration equilibrium of materials 
15 beneficial in promoting wound healing over the wound bed. Simultaneous 
aspiration of wound fluid and irrigation at a controlled flow rate aids in the 
attainment and maintenance of this equilibrium 

The apparatus for irrigating and/or aspirating wounds of the present 
20 invention may be used cyclically and/or with reversal of flow. 

Preferably the present apparatus for aspirating, irrigating and/or cleansing 
wounds is a conventionally automated, programmable system which can 
cleanse the wound with minimal supervision. 

25 

The means for providing simultaneous aspiration and irrigation of the 

wound often comprise: 

a (first) device for moving fluid through the wound applied to fluid 
downstream of and away from the wound dressing, in combination with 
30 at least one of 

a second device for moving fluid through the wound applied to the 
irrigant in the fluid supply tube upstream of and towards the wound 
dressing; 

means for aspirate flow regulation, connected to a fluid offtake tube; and 
35 means for supply flow regulation, connected to a fluid supply tube. 
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The (first) device will generally apply negative pressure (i.e. below- 
atmospheric pressure or vacuum) to the wound bed. It may be applied to 
the aspirate in the fluid offtake tube downstream of and away from the 
wound dressing. 

5 

Alternatively or additionally, where appropriate, the aspirate in the fluid 
offtake tube downstream of the wound dressing may be aspirated into a 
collection vessel, and the first device may act on fluid such as air from the 
collection vessel. This prevents contact of the device with the aspirate. 

10 

The (first) device may be a fixed-throughput device, such as a fixed-speed 
pump, which will usually require a discrete means for aspirate flow 
regulation, connected to a fluid offtake tube, and/or means for supply flow 
regulation, connected to a fluid supply tube, in each case, e.g. a regulator, 
1 5 such as a rotary valve. 

Alternatively, where appropriate the (first) device for moving fluid through 
the wound may be a variable-throughput device, such as a variable-speed 
pump, downstream of the wound dressing, thus effectively forming a 
20 combination of a (first) device for moving fluid through the wound with 
means for aspirate flow regulation and/or means for supply flow regulation 
in a single integer. 

The (first) device for moving fluid through the wound will often be a pump of 
25 any of the types set out below, or a piped supply of vacuum, applied to fluid 
downstream of and away from the wound dressing. 

The following types of pump may be used as the (first) device: 
Reciprocating Pumps, such as: 
30 Piston Pumps - where pistons pump fluids through check valves, in 

particular for positive and/or negative pressure on the 
wound bed; and 

Diaphragm Pumps - where pulsations of one or two flexible diaphragms 

displace liquid with check valves. 

35 and 

Rotary Pumps, such as: 
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Progressing cavity 

pumps - with a cooperating screw rotor and stator, in particular 

for higher-viscosity and particulate-filled exudate; and 
Vacuum pumps - with pressure regulators. 

5 

The (first) device may be a diaphragm pump, e.g. preferably a small 
portable diaphragm pump. This is a preferred type of pump, in order in 
particular to reduce or eliminate contact of internal surfaces and moving 
parts of the pump with (chronic) wound exudate, and for ease of cleaning. 

10 

Where the pump is a diaphragm pump, the one or two flexible diaphragms 
that displace liquid may each be, for example a polymer film, sheet or 
membrane, that is connected to means for creating the pulsations. This 
may be provided in any form that is convenient, inter alia as a piezoelectric 
15 transducer, a core of a solenoid or a ferromagnetic integer and coil in which 
the direction of current flow alternates, a rotary cam and follower, and so 
on. 

Where any second device is applied to the fluid in the fluid supply tube 
20 upstream of and towards the wound dressing, it will usually apply positive 
pressure (i.e. above-atmospheric pressure) to the wound bed. 

As with the (first) device, it may be a fixed-throughput device, such as a 
fixed-speed pump, which will usually require a discrete means for supply 
25 flow regulation, connected to a fluid supply tube, e.g. a regulator, such as a 
rotary valve. 

Alternatively, where appropriate the second device for moving irrigant fluid 
to the wound may be a variable-throughput device, such as a variable- 
30 speed pump, upstream of the wound dressing, thus effectively forming a 
combination of a second device for moving fluid through the wound with 
means for supply flow regulation in a single integer. 

The second device for moving fluid through the wound will often be a pump 
35 of any of the following types applied to the irrigant in the fluid supply tube 
upstream of and towards the wound dressing. It may be a fixed-speed 
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pump, with (as above) a discrete means for supply flow regulation, 
connected to a fluid supply tube, e.g. a regulator, such as a rotary valve. 
Alternatively, where appropriate the pump may be a variable-throughput or 
variable-speed pump. 

5 

The following types of pump may be used as the second device: 
Reciprocating Pumps, such as: 

Shuttle Pumps - with an oscillating shuttle mechanism to move fluids 

at rates from 2 to 50 ml per minute 

10 and 

Rotary Pumps, such as: 
Centrifugal pumps 
Flexible impeller 

pumps - where elastomeric impeller traps fluid between 

15 impeller blades and a moulded housing that sweeps 

fluid through the pump housing. 
Peristaltic pumps - with peripheral rollers on rotor arms acting on a 

flexible fluid aspiration tube to urge fluid current flow in 
the tube in the direction of the rotor. 
20 Rotary vane pumps - with rotating vaned disk attached to a drive shaft 

moving fluid without pulsation as it spins. The outlet 
can be restricted without damaging the pump. 

The second device may be a peristaltic pump, e.g. preferably a small 
25 portable peristaltic pump. This is a preferred type of pump, in order in 
particular to reduce or eliminate contact of internal surfaces and moving 
parts of the pump with irrigant, and for ease of cleaning. 

Where the pump is a peristaltic pump, this may be e.g. an Instech Model 
30 P720 miniature peristaltic pump, with a flow rate: of 0.2 - 180ml/hr and a 
weight of < 0.5 k. This is potentially useful for home and field hospital use. 

Each such pump of any these types may also suitably be one that is 
capable of pulsed, continuous, variable and/or automated and/or 
35 programmable fluid movement Less usually and less preferably, each 
such pump of any these types will be reversible. 
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As above, the means for supply flow regulation may be a regulator, such as 
a rotary valve. This is connected between two parts of a fluid supply tube, 
such that the desired supply flow regulation is achieved. 

5 If there are two or more inlet pipes, these may be connected to a single 
fluid supply tube with a single regulator, or to first, second, etc. fluid supply 
tubes, respectively having a first regulator, a second regulator, etc., e.g. a 
valve or other control device for admitting fluids into the wound. 

10 As above, the means for aspirate flow regulation may be similarly provided 
in a form in which concomitant aspirate flow regulation is possible. It may 
be a regulator, such as a valve or other control device, e.g. a rotary valve. 

Multiple offtake tubes may be similarly provided with single or multiple 
15 regulators, all for aspiration of fluids from the apparatus, e.g. to a aspirate 
collection vessel, such as a collection bag. 

If there is no second device for moving fluid through the wound applied to 
the irrigant in the fluid supply tube upstream of and towards the wound 
20 dressing, it is only possible to apply a negative pressure to the wound, by 
means of the device for moving fluid through the wound applied to the 
aspirate in the fluid offtake tube downstream of and away from the wound 
dressing. 

25 Operation may e.g. be carried out at a negative pressure of up to 50% atm., 
typically at a low negative pressure of up to 20% atm., more usually up to 
10% atm. at the wound, as is described hereinafter. 

Examples of suitable and preferred (first) devices include as described 
30 hereinbefore, a diaphragm pump, e.g. preferably a small portable 
diaphragm pump. This is a preferred type of pump, in order in particular to 
reduce or eliminate contact of internal surfaces and moving parts of the 
pump with (chronic) wound exudate, and for ease of cleaning. 
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Alternatively, if it is desired to apply a net positive pressure to the wound, 
the means for providing simultaneous aspiration and irrigation of the wound 
must comprise not only 

a first device for moving fluid through the wound applied to the aspirate 
5 in the fluid offtake tube downstream of and away from the wound 

dressing, but also 

a second device for moving fluid through the wound applied to the 
irrigant in the fluid supply tube upstream of and towards the wound 
dressing. 

10 

Operation may then e.g. be carried out at a positive pressure of up to 50% 
atm., typically at a low positive pressure of up to 20% atm., more usually up 
to 10% atm. at the wound, as is described hereinafter. 

15 Examples of suitable and preferred first devices include those types of 
pump that are so described hereinbefore in relation to the first device. This 
may be a diaphragm pump, e.g. preferably a small portable diaphragm 
pump. 

20 Examples of suitable and preferred second devices include those types of 
pump that are so described hereinbefore in relation to the first device. This 
may be a peristaltic pump, e.g. a miniature peristaltic pump. 

It is of course equally possible to apply a negative pressure to the wound, 
25 by means of such a combination of; 

a first device for moving fluid through the wound applied to the aspirate 
in the fluid offtake tube downstream of and away from the wound 
dressing, and 

a second device for moving fluid through the wound applied to the 
30 irrigant in the fluid supply tube upstream of and towards the wound 

dressing; 
optionally with 

means for supply flow regulation, connected to a fluid supply tube; 
and/or 

35 - means for aspirate flow regulation, connected to a fluid offtake tube. 
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Indeed, as noted below in this regard, preferred embodiments of the 
apparatus of this first aspect of the present invention for aspirating, 
irrigating and/or cleansing chronic wounds that apply a negative pressure 
include such types of combination of; 
5 - a first device, e.g. a diaphragm pump, e.g. preferably a small portable 
diaphragm pump, and 

a second device, e.g. a peristaltic pump, preferably a miniature 
peristaltic pump. 

10 As noted above, either of the first device and the second device may be 

a fixed-throughput device, such as a fixed-speed pump, which will usually 
require a discrete means for aspirate flow regulation, connected to a fluid 
offtake tube, and/or means for supply flow regulation, connected to a fluid 
supply tube, in each case, e.g. a regulator, such as a rotary valve, or 

15 a variable-throughput device, such as a variable-speed pump, downstream 
of the wound dressing, thus effectively forming a combination of a (first) 
device for moving fluid through the wound with means for aspirate flow 
regulation and/or means for supply flow regulation in a single integer. 

20 The higher end of the ranges of % positive and negative pressure noted 
above are potentially more suitable for hospital use, where they may only 
be used safely under professional supervision. The lower end is potentially 
more suitable for home use, where relatively high % positive and negative 
pressures cannot be used safely without professional supervision, or for 

25 field hospital use. 

In each case, the pressure on the wound may be held constant throughout 
the desired length of therapy, or may be varied cyclically in a desired 
positive or negative pressure regime. 

30 

As noted above, when it is desired to apply a negative pressure to the 
wound, it is preferred that the means for providing simultaneous aspiration 
and irrigation of the wound comprise not only 

a (first) device for moving fluid through the wound applied to the 
35 aspirate In the fluid offtake tube downstream of and away from the 
wound dressing, but also 
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a second device for moving fluid througli the wound applied to the 
irrigant in the fluid supply tube upstream of and towards the wound 
dressing. 

5 Accordingly, one embodiment of the apparatus for irrigating, cleansing 
and/or aspirating wounds of the present invention is characterised in the 
means for providing simultaneous aspiration and irrigation of the wound 
comprises: 

a (first) device for moving fluid through the wound applied to fluid 
10 downstream of and away from the wound dressing, and 

a second device for moving fluid through the wound applied to the 

irrigant in the fluid supply tube upstream of and towards the wound 

dressing, and 
in combination with at least one of 
15 - means for supply flow regulation, connected to a fluid supply tube, and 

means for aspirate flow regulation, connected to a fluid offtake tube. 

As noted above, either of the first device and the second device may be 
a fixed-throughput device, such as a fixed-speed pump, which will usually 

20 require a discrete means for aspirate flow regulation, connected to a fluid 
offtake tube, and/or means for supply flow regulation, connected to a fluid 
supply tube, in each case, e.g. a regulator, such as a rotary valve, or 
a variable-throughput device, such as a variable-speed pump, downstream 
of the wound dressing, thus effectively forming a combination of a (first) 

25 device for moving fluid through the wound with means for aspirate flow 
regulation and/or means for supply flow regulation in a single integer. 

This combination of 

a device for moving fluid through the wound applied to the aspirate in 
30 the fluid offtake tube downstream of and away from the wound 

dressing, 

and 

a device for moving fluid through the wound applied to the fluid in the 
fluid supply tube upstream of and towards the wound dressing, 
35 may be used to apply an overall positive or negative, or even zero 

pressure to the wound. 
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At least one body in the flow path to, over and from the wound bed should 
have sufficient resilience against the pressure to allow any significant 
compression or decompression of the fluid occur. 

5 Thus, examples of suitable bodies include those which are or are defined 
by a film, sheet or membrane, such as inlet or offtake and/or tubes and 
structures such as bags, chambers and pouches, filled with irrigant fluid, 
and e.g. the backing layer of the wound dressing, made of elastically 
resilient thermoplastic materials. 

10 

It will be seen that the balance of fluid between aspirated fluid from the 
wound and irrigant supplied to the wound from the fluid reservoir will thus 
be largely determined by a means for providing simultaneous aspiration 
and irrigation of the wound which may be a system comprising: 
15 a) means for aspirate flow regulation and/or a device for moving fluid 

through the wound applied to fluid downstream of and away from the 

wound dressing, and 
b) means for supply flow regulation and/or a device for moving fluid 

through the wound applied to the fluid in the fluid supply tube upstream 
20 of and towards the wound dressing. 

The same means may be used to apply an overall positive or negative, or 
even neutral pressure to the wound. The means may also be used to vary 
the pressure in the wound dressing (e.g. via a manifold) to apply stress to 
25 the wound bed and optionally areas surrounding the wound. 

The appropriate flow rate through the supply tube will depend on a number 
of factors, such as: 

the viscosity and consistency of each of the irrigant, exudate and mixed 
30 exudate-irrigant fluid, and any changes as the wound heals; 

the level of negative pressure on the wound bed; 

whether the irrigant in the fluid supply tube upstream of and into the 
wound dressing is under positive pressure, and the level of such 
pressure; 

35 - the level of any pressure drop between the irrigant in the fluid supply 



wo 2006/114637 



PCT/GB2006/001551 



29 

tube upstream of the wound dressing and the wound bed, such as 
across a porous element, e.g. a membrane wound contact layer on the 
lower surface of an inlet manifold that delivers the fluid directly to the 
wound bed; 

5 - the depth and/or capacity of the wound; and 

the power consumption needed for a given desired fluid volume flow 
rate of irrigant and/or wound exudate through the wound. 

The dressing may comprise an inlet manifold (as described in further detail 
10 hereinafter) that covers and contacts a significant area, preferably most, of 
the wound bed with openings that deliver the fluid directly to the wound bed 
over an extended area, in the form of one or more inflatable hollow bodies 
defined by a film sheet or membrane. In general a manifold will cover 50% 
of the wound preferably 75% or more, though it is possible that it may cover 
15 a smaller area of the wound. 

The (usually small) positive pressure above atmospheric from the irrigation 
device when both devices are running together should be sufficient to 
inflate the manifold. 

20 

The desired fluid volume flow rate of irrigant and/or wound exudate is 
preferably that for optimum performance of the wound healing process. 

The flow rate will usually be in the range of 1 to 1500 ml/hr, such as 5 to 
25 1000 ml/hr, e.g. 15 to 300 ml/hr, such as 35 to 200 ml/hr through the supply 
tube. The flow rate through the wound may be held constant throughout 
the desired length of therapy, or may be varied cyclically in a desired flow 
rate regime. 

30 In practice, the offtake rate of flow of total irrigant and/or wound exudate will 
generally be of the order of 1 to 2000, e.g. 35 to 300 mi/24 hr/cm^, where 
the cm^ refers to the wound area, depending on whether the wound is in a 
highly exuding state. 

In practice, the rate of exudate flow is typically only of the order of up to 75 
35 microlitres / cm^/ hr (where cm^ refers to the wound area), and the fluid can 
be highly mobile or not, depending on the level of proteases present). 



wo 2006/114637 



PCT/GB2006/001551 



30 

Exudate levels drop and consistency changes as the wound heals, e.g. to a 
level for the same wound that equates to 12.5 - 25 microlitres / cm^ / hr. 
It will be apparent that the aspirated fluid from the wound will typically 
contain a preponderance of irrigant from the fluid reservoir over wound 
5 exudate. 

The necessary adjustments to maintain the desired balance of fluid by 
means of 

a) the means for aspirate flow regulation and/or downstream device, and 
10 b) the means for supply flow regulation and/or upstream device for moving 
fluid 

will be apparent to the skilled person, bearing in mind that, as noted above, 
either of the first device and the second device may be: 

a fixed-throughput device, such as a fixed-speed pump, which will 
15 usually require a discrete means for aspirate flow regulation, connected 

to a fluid offtake tube, and/or means for supply flow regulation, 
connected to a fluid supply tube, in each case, e.g. a regulator, such as 
a rotary valve, or 

a variable-throughput device, such as a variable-speed pump, 
20 downstream of the wound dressing, thus effectively forming a 

combination of a (first) device for moving fluid through the wound with 
means for aspirate flow regulation and/or means for supply flow 
regulation in a single integer. 

25 The type and/or capacity of a suitable first and/or second device will be 
largely determined by 

a) the appropriate or desired fluid volume flow rate of irrigant and/or 
wound exudate from the wound, and 

b) whether it is appropriate or desired to apply a positive or negative 
30 pressure to the wound bed, and the level of such pressure to the wound 

bed for optimum performance of the wound healing process, and 

c) by factors such as portability, power consumption and isolation from 
contamination. 

35 As noted above, when it is desired to apply a negative pressure to the 
wound with the apparatus of the present invention for aspirating, irrigating 
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and/or cleansing wounds to provide simultaneous aspiration and irrigation 
of tlie wound, the means for providing simultaneous aspiration and 
irrigation of the wound may comprise 

a single device for moving fluid through the wound applied to the 
5 aspirate in the fluid offtake tube downstream of and away from the 

wound dressing or in combination with at least one of: 
means for supply flow regulation, connected to a fluid supply tube, and 
means for aspirate flow regulation, connected to a fluid offtake tube. 

10 As noted above, the device may be a fixed-throughput device or a variable- 
throughput device. 

In a further aspect the present invention provides a method of operation of 
an apparatus for aspirating, irrigating and/or cleansing wounds said method 
1 5 comprising the steps of: 

a) providing an apparatus as set out above; 

b) applying the wound dressing to the wound; 

c) conforming the backing layer of the wound dressing to the shape of the 
20 bodily part in which the wound is to form a relatively fluid tight seal or 

closure; 

d) activating the at least one device for moving fluid through the wound 
dressing to the wound and/or from the wound to cause irrigant to move 
to the wound; and 

25 e) activating the means for stressing the wound bed and optionally tissue 
surrounding the wound to apply a stress to the wound bed. 

In a preferred embodiment the apparatus has at least one inlet pipe and at 
least one outlet pipe, each of which passes through and/or under the 

30 wound-facing face. Such an embodiment allows for a method simultaneous 
and/or sequential irrigation/aspiration of the wound. In such an 
embodiment step d) of the method comprises activating the at least one 
device of moving fluid through the wound dressing to move fluid (irrigant) 
through the at least one inlet and to move fluid (aspirate) out of the at least 

35 one outlet pipe. 
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In a preferred embodiment the irrigant is moved to the wound via the inlet 
pipe and aspirate removed from the outlet pipe simultaneously, i.e. 
simultaneous irrigation/aspiration. This may be carried out for substantially 
the entirety of the treatment of the wound, or alternately for portions of the 
5 treatment as desired. 

Such an embodiment is also suitable for sequential (fill/empty) operation, 
and thus a method wherein sequential operation is carried out forms an 
alternative embodiment of the invention. In such an embodiment irrigation 
10 would be ceased by ceasing the device moving fluid through the at least 
one inlet and activating a device to move fluid from the wound through the 
outlet 

Suitable flow rates, parameters for operation of the means for applying 
15 stress and for operation of the apparatus in general are set out above. 
Further details are given below. 

The operation of a typical apparatus of this type for simultaneous aspiration 
and irrigation of a wound at a low negative pressure of up to 20% atm., 
20 more usually up to 10% atm. at the wound, with one pump may involve the 
following steps. As mentioned previously, the application of negative 
pressure has beneficial effects in wound healing. 

Before starting the apparatus of this first aspect of the present invention for 
25 aspirating, irrigating and/or cleansing wounds, the backing layer of the 
wound dressing is applied over the wound and conformed to the shape of 
the bodily part in which the wound is to form a relatively fluid-tight seal or 
closure. 

30 The means for supply flow regulation, connected to a fluid supply tube, 
such as a regulator, such as a rotary valve, is usually closed, and the 
means for aspirate flow regulation (if any), connected to a fluid offtake tube, 
is opened. 

The aspiration pump (i.e. first device) is started and run to give a negative 
35 pressure of up to 50% atm., more usually up to 20% atm., e.g. up to 10% 
atm. to be applied to the interior of the dressing and the wound. 
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The means for fluid supply regulation is opened and is then adjusted, 
and/or where the aspiration punnp is a variable-speed pump, downstream of 
the wound dressing, that is adjusted, to maintain the desired balance of 
fluid at a controlled nominal flow rate and to maintain the desired negative 
5 pressure in the interior of the wound dressing. 

The means of applying stress is then activated. Typically the means for 
applying stress comprises at least one expandable or contractible module 
capable of applying pressure to the wound bed. In one embodiment such a 

10 module comprises an inflatable body which lies within the wound in use. 
The inflatable body may be used to apply a constant pressure (and hence 
stress) to the wound or, preferably, may be used to apply a cyclical 
pressure. The module may be inflated and deflated be introducing and 
removing fluid to the body. Further details of suitable modules and their 

15 operation are given above. 

The apparatus is then run for the desired length of therapy and with the 
desired negative pressure and stress regime. After this period, the 
aspiration pump is stopped. 

20 

The operation of a typical apparatus for simultaneous aspiration and 
irrigation of a wound at a low negative pressure of up to 20% atm., more 
usually up to 10% atm. at the wound, with two pumps may involve the 
following steps. 

25 

The necessary changes where the mode of operation for a net positive 
pressure of e.g. up to 15% atm., more usually up to 10% atm. at the wound 
will be apparent to the skilled person. 

30 A typical apparatus for simultaneous aspiration and irrigation of a wound at 
a low negative pressure of up to 20% atm., more usually up to 10% atm. at 
the wound comprises means for providing simultaneous aspiration and 
irrigation of the wound which is a combination of 

a) a first device for moving fluid through the wound applied to the aspirate 
35 in the fluid offtake tube downstream of and away from the wound 
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dressing, with optional means for aspirate flow regulation, connected to 
a fluid offtake tube: and 
b) a second device for moving fluid through the wound applied to the 
irrigant in the fluid supply tube upstream of and towards the wound 
5 dressing, with optional means for supply flow regulation, connected to a 

fluid supply tube. 

As noted above, either device may be a fixed-throughput device or a 
variable-throughput device. 

10 

Before starting the apparatus of this first aspect of the present invention for 
aspirating, irrigating and/or cleansing wounds, the bacl<ing layer of the 
wound dressing is applied over the wound and conformed to the shape of 
the bodily part in which the wound is to form a relatively fluid-tight seal or 
15 closure. 

Any means for supply flow regulation, connected to a fluid supply tube, 
such as a regulator, such as a rotary valve, is usually closed, and any 
means for aspirate flow regulation, connected to a fluid offtake tube, is 
20 opened. 

The aspiration pump is started and run to apply a negative pressure of up 
to 50% atm., more usually up to 20% atm., e.g. up to 10% atm., to the 
interior of the dressing and the wound. 

25 

The irrigation pump is then started, so that both pumps are running 
together, and any means for supply flow regulation is opened. 

The irrigation pump flow rate and any means for fluid supply regulation are 
30 then adjusted and/or where the aspiration pump and/or the irrigation pump 
is a variable-speed pump, either or both is/are is adjusted, to maintain the 
desired balance of fluid at a controlled nominal flow rate and to maintain the 
desired negative pressure in the interior of the wound dressing. 

35 The means for applying stress is then activated, as described above. 
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The apparatus is then run for the desired length of therapy and with the 
desired pressure regime. After this period, the irrigation pump is stopped, 
shortly followed by the aspiration pump. 

5 In all embodiments of the apparatus of the present invention for aspirating, 
irrigating and/or cleansing wounds, a particular advantage is the tendency 
of the wound dressing to conform to the shape of the bodily part to which it 
is applied. 

10 The term 'relatively fluid-tight seal or closure' is used herein to indicate one 
which is fluid- and microbe-impermeable and permits a positive or negative 
pressure of up to 50% atm., more usually up to 20% atm., e.g. up to 10% 
atm. to be applied to the wound. The term 'fluid' is used herein to include 
gels, e.g. thick exudate, liquids, e.g. water, and gases, such as air, 

15 nitrogen, etc. 

The shape of the backing layer that is applied may be any that is 
appropriate to aspirating, irrigating and/or cleansing the wound across the 
area of the wound. 

20 

Examples of such include a substantially flat film, sheet or membrane, or a 
bag, chamber, pouch or other structure of the backing layer, e.g. of polymer 
film, which can contain the fluid. 

25 The backing layer may be a film, sheet or membrane, often with a 
(generally uniform) thickness of up to 100 micron, preferably up to 50 
micron, more preferably up to 25 micron, and of 10 micron minimum 
thickness. 

30 Its largest cross-dimension may be up to 500 mm (for example for large 
torso wounds), up to 100 mm (for example for axillary and inguinal 
wounds), and up to 200 mm for limb wounds (for example for chronic 
wounds, such as venous leg ulcers and diabetic foot ulcers. 

35 Desirably the dressing is resiliently deformable, since this may result in 
increased patient comfort, and lessen the risk of inflammation of a wound. 
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Suitable materials for it include synthetic polymeric materials that do not 
absorb aqueous fluids, such as polyolefins, such as polyethylene e.g. high- 
density polyethylene, polypropylene, copolymers thereof, for example with 
vinyl acetate and polyvinyl alcohol, and mixtures thereof; polysiloxanes; 
5 polyesters, such as polycarbonates; polyamides, e.g. 6-6 and 6-10, and 
hydrophobic polyurethanes. 

They may be hydrophilic, and thus also include hydrophilic polyurethanes. 

10 They also include thermoplastic elastomers and elastomer blends, for 
example copolymers, such as ethyl vinyl acetate, optionally or as necessary 
blended with high-impact polystyrene. 

They further include elastomeric polyurethane, particularly polyurethane 
15 formed by solution casting. 

Preferred materials for the present wound dressing include thermoplastic 
elastomers and curable systems. 

20 The backing layer is capable of forming a relatively fluid-tight seal or 
closure over the wound and/or around the inlet and outlet pipe(s). 

However, in particular around the periphery of the wound dressing, outside 
the relatively fluid-tight seal, it is preferably of a material that has a high 
25 moisture vapour permeability, to prevent maceration of the skin around the 
wound. It may also be a switchable material that has a higher moisture 
vapour permeability when in contact with liquids, e.g. water, blood or wound 
exudate. This may, e.g. be a material that is used in Smith & Nephew's 
Allevyn™, IV3000™ and OpSite™ dressings. 

30 

The periphery of the wound-facing face of the backing layer may bear an 
adhesive film, for example, to attach it to the skin around the wound. This 
may, e.g. be a pressure-sensitive adhesive, if that is sufficient to hold the 
wound dressing in place in a fluid-tight seal around the periphery of the 
35 wound-facing face of the wound dressing. 
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Alternatively or additionally, where appropriate a light switchable adhesive 
could be used to secure the dressing in place to prevent leakage. (A light 
switchable adhesive is one the adhesion of which is reduced by 
photocuring. Its use can be beneficial in reducing the trauma of removal of 
5 the dressing.) 

Thus, the backing layer may have a flange or lip extending around the 
proximal face of the backing layer, of a transparent or translucent material 
(for which it will be understood that materials that are listed above are 
10 amongst those that are suitable). This bears a film of a light switchable 
adhesive to secure the dressing in place to prevent leakage on its proximal 
face, and a layer of opaque material on Its distal face. 

To remove the dressing and not cause excessive trauma in removal of the 
15 dressing, the layer of opaque material on the distal face of the flange or lip 
extending around the proximal wound is removed prior to application of 
radiation of an appropriate wavelength to the flange or lip. 

If the periphery of the wound dressing, outside the relatively fluid-tight seal, 
20 that bears an adhesive film to attach it to the skin around the wound, is of a 
material that has a high moisture vapour permeability or is a switchable 
material, then the adhesive film, if continuous, should also have a high or 
switchable moisture vapour permeability, e.g. be an adhesive such as used 
in Smith & Nephew's Allevyn™, IV3000™ and OpSite™ dressings. 

25 

Where a vacuum is applied to hold the wound dressing in place in a fluid- 
tight seal around the periphery of the wound-facing face of the wound 
dressing, the wound dressing may be provided with a silicone flange or lip 
to seal the dressing around the wound. This removes the need for 
30 adhesives and associated trauma to the patient's skin. 

Where the interior of, and the flow of irrigant and/or wound exudate to and 
through, the dressing is under any significant positive pressure, which will 
tend to act at peripheral points to lift and remove the dressing off the skin 
around the wound. 

35 
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In such use of the apparatus, it may thus be necessary to provide securing 
nneans for fornning and maintaining such a seal or closure over the wound 
against such positive pressure on the wound, to act at peripheral points for 
this purpose. Examples of such securing means include light switchable 
5 adhesives, as above, to secure the dressing in place to prevent leakage, 
Since the adhesion of a light switchable adhesive is reduced by 
photocuring, thereby reducing the trauma of removal of the dressing, a film 
of a more aggressive adhesive may be used, e.g. on a flange, as above. 

10 Examples of suitable fluid adhesives for use in more extreme conditions 
where trauma to the patient's skin is tolerable include ones that consist 
essentially of cyanoacrylate and like tissue adhesives, applied around the 
edges of the wound and/or the proximal face of the backing layer of the 
wound dressing, e.g. on a flange or lip. 

15 

Further suitable examples of such securing means include adhesive (e.g. 
with pressure-sensitive adhesive) and non-adhesive, and elastic and non- 
elastic straps, bands, loops, strips, ties, bandages, e.g. compression 
bandages, sheets, covers, sleeves, jackets, sheathes, wraps, stockings and 

20 hose, e.g. elastic tubular hose or elastic tubular stockings that are a 
compressive fit over a limb wound to apply suitable pressure to it when the 
therapy is applied in this way; and inflatable cuffs, sleeves, jackets, 
trousers, sheathes, wraps, stockings and hose that are a compressive fit 
over a limb wound to apply suitable pressure to it when the therapy is 

25 applied in this way. 

Such securing means may each be laid out over the wound dressing to 
extend beyond the periphery of the backing layer of the wound dressing, 
and as appropriate will be adhered or otherwise secured to the skin around 
30 the wound and/or itself and as appropriate will apply compression (e.g. with 
elastic bandages, stockings) to a degree that is sufficient to hold the wound 
dressing in place in a fluid-tight seal around the periphery of the wound, 

Such securing means may each be integral with the other components of 
35 the dressing, in particular the backing layer. 
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Alternatively, it may be permanently attached or releasably attached to the 
dressing, in particular the backing layer, with an adhesive film, for example, 
or these components may be a Velcro ™, push snap or twist-lock fit with 
each other. 

5 

The securing means and the dressing may be separate structures, 
permanently unattached to each other. 

In a more suitable layout for higher positive pressures on the wound, a stiff 
10 flange or lip extends around the periphery of the proximal face of the 
backing layer of the wound dressing. The flange or lip is concave on its 
proximal face to define a peripheral channel or conduit. It has a suction 
outlet that passes through the flange or lip to communicate with the channel 
or conduit and may be connected to a device for applying a vacuum, such 
15 as a pump or a piped supply of vacuum. 

The backing layer may be integral with or attached, for example by heat- 
sealing, to the flange or lip extending around its proximal face. 

20 To form the relatively fluid-tight seal or closure over a wound that is needed 
and to prevent passage of Irrigant and/or exudate under the periphery of 
the wound-facing face of the wound dressing, in use of the apparatus, the 
dressing is set on the skin around the wound. The device then applies a 
vacuum to the interior of the flange or lip, thus forming and maintaining a 

25 seal or closure acting at peripheral points around the wound against the 
positive pressure on the wound. 

With all the foregoing means of attachment, and means for forming and 
maintaining a seal or closure over the wound, against positive or negative 
30 pressure on the wound at peripheral points around the wound, the wound 
dressing sealing periphery is preferably of a generally round shape, such as 
an ellipse, and in particular circular. 

To form the relatively fluid-tight seal or closure over a wound and around 
35 the inlet pipe(s) and outlet pipe(s) at the point at which they pass through 
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and/or under the wound-facing face, the backing layer may be integral with 
these other components. 

The components may alternatively just be a push, snap or twist-lock fit with 
5 each other, or adhered or heat-sealed together. 

The or each inlet pipe or outlet pipe may be in the form of an aperture, such 
as a funnel, hole, opening, orifice, luer, slot or port for connection as a 
female member respectively to a mating end of a fluid tube and/or fluid 
10 supply tube (optionally or as necessary via means for forming a tube, pipe 
or hose, or nozzle, hole, opening, orifice, luer, slot or port for connection as 
a male member respectively to a mating end of a fluid tube and/or fluid 
supply tube (optionally or as necessary via means for supply flow 
regulation) or a fluid offtake tube. 

15 

Where the components are integral they will usually be made of the same 
material (for which it will be understood that materials that are listed above 
are amongst those that are suitable). 

20 Where, alternatively, they are a push, snap or twist-lock fit, the may be of 
the same material or of different materials. In either case, materials that 
are listed above are amongst those that are suitable for all the components. 

The or each pipe will generally pass through, rather than under the backing 
25 layer. In such case, the backing layer may often have a rigid and/or 
resiliently inflexible or stiff area to resist any substantial play between the or 
each pipe and the or each mating tube, or deformation under pressure in 
any direction. 

30 It may often be stiffened, reinforced or otherwise strengthened by a boss 
projecting distally (outwardly from the wound) around each relevant tube, 
pipe or hose, or nozzle, hole, opening, orifice, luer, slot or port for 
connection to a mating end of a fluid tube and/or fluid supply tube or fluid 
offtake tube. 

35 
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Alternatively or additionally, where appropriate the backing layer may have 
a stiff flange or lip extending around the proximal face of the backing layer 
to stiffen, reinforce or othenA/ise strengthen the backing layer. 

5 Where a simple pipe is used to supply the irrigant to the wound, this may 
not provide a system to distribute irrigant over a sufficient functional surface 
area to irrigate the wound at a practical rate to be suitable for use, in 
particular in chronic wound aspiration and irrigation, which may contain 
relatively high concentrations of materials that are deleterious to wound 
10 healing. 

It may be advantageous to provide a system where wound irrigant may be 
distributed more evenly, or pass in a more convoluted path under the 
dressing over the wound bed. 

15 

Accordingly, one form of the dressing is provided with a 'tree' form of pipes, 
tubes or tubules that radiate from an inlet manifold to the wound bed to end 
in apertures and deliver the aspirating fluid directly to the wound bed via the 
apertures. Similarly, there is optionally an outlet manifold from which 
20 tubules radiate and run to the wound bed to end in openings and collect the 
fluid directly from the wound bed. 

The pipes, etc. may radiate regularly or irregularly through the wound in 
use, respectively from the inlet or outlet manifold, although regularly may be 
25 preferred. A more suitable layout for deeper wounds is one in which the 
pipes, etc. radiate hemispherically and concentrically, to the wound bed. 

For shallower wounds, examples of suitable forms of such layout of the 
pipes, etc. include ones in which the pipes, etc. radiate in a flattened 
30 hemiellipsoid and concentrically, to the wound bed. 

Other suitable forms of layout of the pipes, etc. include one which have 
pipes, tubes or tubules extending from the inlet pipe(s) and/or outlet pipe(s) 
at the point at which they pass through and/or under the wound-facing face 
35 of the backing layer to run over the wound bed. These may have a blind 
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bore with perforations, apertures, lioles, openings, orifices, slits or slots 
along the pipes, etc. 

These pipes, etc. then effectively form an inlet pipe manifold that delivers 
5 the aspirating fluid directly to the wound bed or outlet pipe or collects the 
fluid directly from the wound respectively. It does so via the holes, 
openings, orifices, slits or slots in the tubes, pipes, tubules, etc. over most 
of the wound bed under the backing layer. 

10 It may be desirable that the tubes, pipes or tubules are resiliently flexible, 
e.g. elastomeric, and preferably soft, structures with good conformability in 
the wound and the interior of the wound dressing. 

When the therapy is applied in this way, the layout of the tubes, pipes, 
15 tubules, etc. may depend on the depth and/or capacity of the wound. 

Thus, for shallower wounds, examples of suitable forms of such layout of 
the tubes, pipes, tubules, etc. include ones that consist essentially of one or 
more of the tubes, etc in a spiral. 

20 A more suitable layout for deeper wounds when the therapy is applied in 
this way may be one which comprises one or more of the tubes, etc in a 
helix or spiral helix. 

Other suitable layouts for shallower wounds include one which have blind- 
25 bore, perforated inlet pipe or outlet pipe manifolds that aspirate fluid in the 
wound when the dressing is in use. 

One or both of these may be such a form, the other may be, e.g. one or 
more straight blind-bore, perforated radial tubes, pipes or nozzles. 

30 

A preferred form of inlet pipe (or less usually) outlet pipe manifold that 
delivers the aspirating fluid directly to the wound bed or collects the fluid 
directly from the wound respectively is one that comprise one or more 
conformable hollow bodies defined by a film, sheet or membrane, such as a 
35 bag, chamber, pouch or other structure, filled with the irrigant (or less 
usually aspirate) from the wound, passing through perforations, apertures, 
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holes, openings, orifices, slits or slots in the film, sheet or membrane 
defining the hollow body or hollow bodies. 

These may be of small cross-dimension, so that they may then effectively 
5 form microperforations, microapertures or pores in a permeable integer, for 
example the polymer film, sheet or membrane. 

This type of manifold for irrigation (more usually) provides the highest 
uniformity in the flow distribution of irrigant over the wound at a practical 

10 rate to be suitable for use, in particular in chronic wound aspiration and 
irrigation, and hence to provide a system where materials that are beneficial 
in promoting wound healing, such as growth factors, cell matrix 
components, and other physiologically active components of the exudate 
from a wound, are distributed more evenly under the dressing over the 

15 wound bed. 

This type of manifold for irrigation (more usually) is noted below with regard 
to wound fillers under the backing layer, since it is a resiliently flexible, e.g. 
elastomeric, and soft, structure with good conformabifity to wound shape. 
20 It is urged by its own resilience against the backing layer to apply gentle 
pressure on the wound bed, and is therefore also capable of acting as a 
wound filler. The film, sheet or membrane, often has a (generally uniform) 
thickness similar to that of films or sheets used in conventional wound 
dressing backing layers. 

25 

Another suitable layout is one in which an inlet pipe and/or outlet pipe 
manifold that delivers the aspirating fluid directly to the wound bed or 
collects the fluid directly from the wound respectively via inlet and/or outlet 
tubes, pipes or tubules, 
30 and the inlet manifold and/or outlet manifold is formed by slots in layers 
permanently attached to each other in a stack, and the inlet and/or outlet 
tubes, pipes or tubules are formed by apertures through layers permanently 
attached to each other in a stack. 



35 As also mentioned herein, the backing layer that is applied may be any that 
is appropriate to the present system of therapy and permits a positive or 
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negative pressure of up to 50% atm., more usually up to 25% atm, to be 
applied to the wound. 

It is thus often a microbe-impermeable film, sheet or membrane, which is 
5 substantially flat, depending on any pressure differential on it, and often 
with a (generally uniform) thickness similar to such films or sheets used in 
conventional wound dressings, i.e. up to 100 micron, preferably up to 50 
micron, more preferably up to 25 micron, and of 10 micron minimum 
thickness. 

10 

The backing layer may often have a rigid and/or resiliently inflexible or stiff 
area to resist any substantial play between other components that are not 
mutually integral, and may be stiffened, reinforced or othen^/ise 
strengthened, e.g. by a projecting boss. 

15 

Such a form of dressing would not be very conformable to the wound bed, 
and may effectively form a chamber, hollow or cavity defined by a backing 
layer and the wound bed under the backing layer. 

20 It may be desirable that the Interior of the wound dressing confomn to the 
wound bed, even for a wound in a highly exuding state. Accordingly, one 
form of the dressing is provided with a wound filler under the backing layer. 

This is favourably a resiliently flexible, e.g. elastomeric, and preferably soft, 
25 structure with good conformability to wound shape. It is urged by its own 
resilience against the backing layer to apply gentle pressure on the wound 
bed. The wound filler may be integral with the other components of the 
dressing, in particular the backing layer. Alternatively, it may be 
permanently attached to them/it, with an adhesive film, for example, or by 
30 heat-sealing, e.g. to a flange or lip extending from the proximal face, so a 
not to disrupt the relatively fluid-tight seal or closure over the wound that is 
needed. 

Less usually, the wound filler is releasably attached to the backing layer, 
35 with an adhesive film, for example, or these components may be a push, 
snap or twist-lock fit with each other. 



wo 2006/114637 



PCT/GB2006/001551 



45 

The wound filler and the backing layer may be separate structures, 
permanently unattached to each other. 

The wound filler may be or comprise a solid integer, favourably a resiliently 
flexible, e.g. elastomeric, and preferably soft, structure with good 
5 conformability to wound shape. Examples of suitable forms of such wound 
fillers are foams formed of a suitable material, e.g. a resilient thermoplastic. 

Preferred materials for the fillers include reticulated filtration polyurethane 
foams with small apertures or pores. 

10 

Alternatively or additionally, it may be in the form of, or comprise one or 
more conformable hollow bodies defined by a film, sheet or membrane, 
such as a bag, chamber, pouch or other structure, filled with a fluid or solid 
that urges it to the wound shape. 

15 

The film, sheet or membrane, often has a (generally uniform) thickness 
similar to that of films or sheets used in conventional wound dressing 
backing layers. 

20 That is, up to 100 micron, preferably up to 50 micron, more preferably up to 
25 micron, and of 10 micron minimum thickness, and is often resiliently 
flexible, e.g. elastomeric, and preferably soft. 

Such a filler Is often integral with the other components of the dressing, in 
25 particular the backing layer, or permanently attached to them/it, with an 
adhesive film, for example, or by heat-sealing, e.g. to a flange 

Examples of suitable fluids contained in the hollow body or bodies defined 
by a film, sheet or membrane include gases, such as air, nitrogen and 
30 argon, more usually air, at a small positive pressure above atmospheric; 
and liquids, such as water, saline. 

Examples also include gels, such as silicone gels, e.g. CaviCare™ gel, or 
preferably ceilulosic gels, for example hydrophilic cross-linked cellulosic 
35 gels, such as Intrasite ™ cross-linked materials. 
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Examples also Include aerosol foams, where the gaseous phase of the 
aerosol system is air or an inert gas, such as nitrogen or argon, more 
usually air, at a small positive pressure above atmospheric; and solid 
particulates, such as plastics crumbs. 

5 

In an alternative embodiment the filler of the apparatus can conveniently be 
an expandable or contractible module which is the means to apply stress to 
the wound bed. In one preferred embodiment the module comprises an 
inflatable body, e.g. an inflatable pouch or bag. 

10 

Of course, if the backing layer is a sufficiently conformable and/or e.g. an 
upwardly dished sheet, the backing layer may lie under the wound filler, 
rather than vice versa. 

15 In this type of layout, in order for the wound filler to urge the wound 
dressing towards the wound bed, it will usually have to be firmly adhered or 
otherwise releasably attached to the skin around the wound. This is 
especially the case in those embodiments where the wound filler and the 
backing layer are separate structures, permanently unattached to each 

20 other. 

In such a layout for deeper wounds when the therapy is applied in this way, 
the means for such attachment may also form and maintain a seal or 
closure over the wound. 

25 

Where the filler is over the backing layer, and the fluid inlet pipe(s) and 
outlet pipe(s) pass through the wound-facing face of the backing layer, they 
may run through or around the wound filler over the backing layer. 

30 One form of the dressing is provided with a wound filler under the backing 
layer that is or comprises a resiliently flexible, e.g. elastomeric, and 
preferably soft, hollow body defined by a film, sheet or membrane, such as 
a bag, chamber, pouch or other structure. 
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It has apertures, holes, openings, orifices, slits or slots, or tubes, pipes, 
tubules or nozzles. It communicates with at least one inlet or outlet pipe 
through at least one aperture, hole, opening, orifice, slit or slot 

5 The fluid contained in the hollow body may then be the aspirating or 
irrigating fluid in the apparatus. 

The hollow body or each of the hollow bodies then effectively forms an inlet 
pipe or outlet pipe manifold that delivers the aspirating fluid directly to the 
10 wound bed or collects the fluid directly from the wound respectively via the 
holes, openings, orifices, slits or slots, or the tubes, pipes or hoses, etc. in 
the film, sheet or membrane. 

When the therapy is applied in this way, the type of the filler may also be 
15 largely determined by the depth and/or capacity of the wound. 

Thus, for shallower wounds, examples of suitable wound fillers as a 
component of a wound dressing include ones that consist essentially of one 
or more confomiable hollow bodies defining an inlet pipe and/or outlet pipe 
20 manifold that delivers the aspirating fluid directly to the wound bed or 
collects the fluid directly from the wound. 

A more suitable wound filler for deeper wounds when the therapy is applied 
in this way may be one which comprises one or more conformable hollow 
25 bodies defined by, for example a polymer film, sheet or membrane, that at 
least partly surround(s) a solid integer. This may provide a system with 
better rigidity for convenient handling. 

The wound filler under the backing layer effectively may form an (or be 
30 formed by) inlet pipe or outlet pipe manifold. 

If not, in order for aspiration and/or irrigation of the wound bed to occur, it is 
appropriate for one or more bores, channels, conduits, passages, pipes, 
tubes, tubules and/or spaces, etc. to run from the point at which the fluid 
35 inlet pipe(s) and outlet pipe(s) pass through and/or under the wound-facing 
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face of the backing layer through or around the wound filler under the 
backing layer. 

Less usually, the wound filler maybe an open-cell foam with pores that may 
5 form such bores, channels, conduits, passages and/or spaces through the 
wound filler under the backing layer. 

Where the filler is or comprises one or more conformable hollow bodies 
defined by, for example a polymer film, sheet or membrane, it may be 
10 provided with means for admitting fluids to the wound bed under the wound 
dressing. 

These may be in the form of pipes, tubes, tubules or nozzles running from 
the point at which the fluid inlet pipe(s) and outlet pipe(s) pass through 
15 and/or under the wound-facing face of the backing layer through or around 
the wound filler under the backing layer. 

All of the suitable layouts for shallower wounds that comprise blind-bore, 
perforated inlet pipe or outlet pipe manifolds that aspirate fluid in the wound 
20 when the dressing is in use, that are described hereinbefore, may be used 
under a wound filler under the backing layer. 

In brief, suitable layouts include ones where one or both manifolds are 
annular or toroidal (regular, e.g. elliptical or circular or irregular), optionally 
25 with blind-bore, perforated radial tubes, pipes or nozzles, branching from 
the annulus or torus; and/or 

in a meandering, tortuous, winding, zigzag, serpentine or boustrophedic 
(i.e. in the manner of a ploughed furrow) pattern, or 

defined by slots in and apertures through layers attached to each other in a 
30 stack. 

The inlet and/or outlet tubes, the fluid tube and the fluid supply tube, etc. 
may be of conventional type, e.g. of elliptical or circular cross-section, and 
may suitably have a uniform cylindrical bore, channel, conduit or passage 
35 throughout their length, and suitably the largest cross-dimension of the bore 
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may be up to 10 mm for large torso wounds, and up to 2 mm for limb 
wounds. 

The tube walls should suitably thick enough to withstand any positive or 
5 negative pressure on them. However, the prime purpose of such tubes is 
to convey fluid irrigant and exudate through the length of the apparatus flow 
path, rather than to act as pressure vessels. The tube walls may suitably 
be at least 25 micron thick. The bore or any perforations, apertures, holes, 
openings, orifices, slits or slots along the pipes, etc. or in the hollow body or 
10 each of the hollow bodies may be of small cross-dimension. They may 
then effectively form a macroscopic and/or microscopic filter for particulates 
including cell debris and micro-organisms, whilst allowing proteins and 
nutrients to pass through. 

15 Such tubes, pipes or hoses, etc. through and/or around the filler, whether 
the latter is a solid integer and/or one or more resiliency flexible or 
conformable hollow bodies, are described in further detail hereinbefore in 
connection with the inlet pipe(s) and outlet pipe(s). 

20 The whole length of the apparatus for aspirating, irrigating and/or cleansing 
wounds should be microbe-impermeable once the wound dressing is over 
the wound in use. 

It is desirable that the wound dressing and the interior of the apparatus for 
25 aspirating, irrigating and/or cleansing wounds of the present invention is 
sterile. 

The fluid may be sterilised in the fluid reservoir and/or the rest of the 
system in which the fluid moves by ultraviolet, gamma or electron beam 
30 irradiation. 

This way, in particular reduces or eliminates contact of internal surfaces 
and the fluid with any sterilising agent. 

35 Examples of other methods of sterilisation of the fluid also include e.g. the 
use of: 
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ultrafiltration through microapertures or micropores, e.g. of 0.22 to 0.45 
micron maximum cross-dimension, to be selectively impermeable to 
microbes; and 

fluid antiseptics, such as solutions of chemicals, such as chlorhexidine 
5 and povidone iodine; metal ion sources, such as silver salts, e.g. silver 
nitrate; and hydrogen peroxide although these involve contact of 
internal surfaces and the fluid with the sterilising agent. 

it may be desirable that the interior of the wound dressing, the rest of the 
10 system in which the fluid moves, and/or the wound bed, even for a wound 
in a highly exuding state, are kept sterile after the fluid is sterilised in the 
fluid reservoir, or that at least naturally occurring microbial growth is 
inhibited. 

15 Thus, materials that are potentially or actually beneficial in this respect may 
be added to the irrigant initially, and as desired the amount in increased by 
continuing addition. Examples of such materials include antibacterial 
agents (some of which are listed above), and antifungal agents. Amongst 
those that are suitable are, for example triclosan, iodine, metronidazole, 

20 cetrimide, chlorhexidine acetate, sodium undecylenate, chlorhexidine and 
iodine. 

Buffering agents, such as potassium dihydrogen phosphate/ disodium 
hydrogen phosphate, may be added to adjust the pH, as may local 

25 analgesics/anaesthetics, such as lidocaine/lignocaine hydrochloride, 
xylocaine (adrenoline, lidocaine) and/or anti-inflammatories, to reduce 
wound pain or inflammation or pain associated with the dressing. 
In order to combat the deposition of materials in the flow path from the 
irrigant, a repellent coating may be used at any point or on any integer in 

30 the path in direct contact with the fluid, e.g. on the means for providing 
aspiration and/or irrigation of the wound or any desired tube or pipe. 
Examples of coating materials for surfaces over which the aspirating fluid 
passes include: 

anticoagulants, such as heparin, and 

35 - high surface tension materials, such as PTFE, and polyamides, 
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which are useful for growth factors, enzymes and other proteins and 
derivatives. 

The fluid reservoir for the irrigant may be of any conventional type, e.g. a 
5 tube, bag (such as a bag typically used for blood or blood products, e.g. 
plasma, or for infusion feeds, e.g. of nutrients), chamber, pouch or other 
structure, e.g. of polymer film, which can contain the Irrigant fluid. The 
reservoir may be made of a film, sheet or membrane, often with a 
(generally uniform) thickness similar to that of films or sheets used in 
10 conventional wound dressing backing layers, i.e. up to 100 micron, 
preferably up to 50 micron, more preferably up to 25 micron, and of 10 
micron minimum thickness, and is often a resiliently flexible, e.g. 
elastomeric, and preferably soft, hollow body. 

15 In all embodiments of the apparatus the type and material of the tubes 
throughout the apparatus of the invention for aspirating, irrigating and/or 
cleansing wounds and the fluid reservoir will be largely determined by their 
function. 

20 To be suitable for use, in particular on chronic timescales, the material 
should be non-toxic and biocompatible, inert to any active components, as 
appropriate of the irrigant from the fluid reservoir and/or wound exudate in 
the apparatus flow path, and, in any use of a two-phase system aspiration 
and irrigation unit, of the dialysate that moves into the aspirating fluid in the 

25 apparatus. 

When in contact with irrigant fluid, it should not allow any significant 
amounts of extractables to diffuse freely out of it in use of the apparatus. 

30 It should be sterilisable by ultraviolet, gamma or electron beam irradiation 
and/or with fluid antiseptics, such as solutions of chemicals, fluid- and 
microbe-impermeable once in use, and flexible. 

Examples of suitable materials for the fluid reservoir include synthetic 
polymeric materials, such as polyolefins, such as polyethylene, e.g. high- 
35 density polyethylene and polypropylene. 
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Suitable materials for the present purpose also include copolymers thereof, 
for example with vinyl acetate and mixtures thereof. Suitable materials for 
the present purpose further include medical grade poly(vinyl chloride). 

5 Notwithstanding such polymeric materials, the fluid reservoir will often have 
a stiff area to resist any substantial play between it and components that 
are not mutually integral, such as the fluid supply tube towards the wound 
dressing, and may be stiffened, reinforced or otherwise strengthened, e.g. 
by a projecting boss. 

10 

Materials deleterious to wound healing that are removed using the 
apparatus include: 

oxidants, such as free radicals, e.g. peroxide and superoxide; 
iron II and iron III; 
15 all involved in oxidative stress on the wound bed; 

proteases, such as serine proteases, e.g. elastase and thrombin; cysteine 
proteases; matrix metalloproteases, e.g. collagenase; and carboxyl (acid) 
proteases; 

endotoxins, such as lipopolysaccharides; 
20 autoinducer signalling molecules, such as homoserine lactone derivatives, 
e.g. oxo-alkyi derivatives; 

inhibitors of angiogenesis such as thrombospondin-1 (TSP-1), plasminogen 
activator inhibitor, or angiostatin (plasminogen fragment); 
pro-inflammatory cytokines such as tumour necrosis factor alpha (TNFa) 
25 and interleukin 1 beta (IL-lp), 

oxidants, such as free radicals, e.g. , e.g. peroxide and superoxide; and 
metal ions, e.g. iron II and iron 111, all involved in oxidative stress on the 
wound bed. 

30 It is believed that aspirating wound fluid aids in removal from of the 
materials deleterious to wound healing from wound exudate and/or irrigant, 
whilst distributing materials that are beneficial in promoting wound healing 
in contact with the wound. 

35 A steady state concentration equilibrium of materials beneficial in promoting 
wound healing may be set up between in the irrigant and/or wound 
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exudate. Aspirating wound fluid aids in the quicl<er attainment of this 
equilibrium. Materials beneficial to wound healing that are distributed 
include cytokines, enzymes, growth factors, cell matrix components, 
biological signalling molecules and other physiologically active components 
5 of the exudate and/or materials in the irrigant that are potentially or actually 
beneficial in respect of wound healing, such as nutrients for wound cells to 
aid proliferation, gases, such as oxygen. 

The conduits through which respectively the irrigant and/or wound exudate 
passes to and from the wound dressing and 
10 i) may have means for modular disconnection and withdrawal of the 
dressing, 

ii) providing an immediate fluid-tight seal or closure over the ends of 
the conduits and the cooperating tubes in the rest of the apparatus of 
the invention so exposed, 
15 to prevent continuing passage of irrigant and/or exudate. 

The outlet from the means for aspirate flow regulation and/or tubes may be 
collected and monitored and used to diagnose the status of the wound 
and/or its exudate. 

20 

Any aspirate collection vessel may be of any conventional type, e.g. a tube, 
bag (such as a bag typically used as an ostomy bag), chamber, pouch or 
other structure, e.g. of polymer film, which can contain the irrigant fluid that 
has been bled off. In all embodiments of the apparatus, the type and 
25 material of the aspirate collection vessel will be largely determined by its 
function. 

To be suitable for use, the material need only be fluid-impermeable once in 
use, and flexible. 

30 

Examples of suitable materials for the fluid reservoir include synthetic 
polymeric materials, such as polyolefins, such as poly (vinylidene chloride). 

Suitable materials for the present purpose also include polyethylene, e.g. 
35 high-density polyethylene, polypropylene, copolymers thereof, for example 
with vinyl acetate and mixtures thereof. 



wo 2006/114637 



PCT/GB2006/001551 



54 

In a further aspect of the present invention there is provided a conformable 
wound dressing, characterised in that it connprises a backing layer with a 
wound-facing face which is capable of forming a relatively fluid-tight seal or 
closure over a wound and has 
5 at least one pipe, which passes through and/or under the wound-facing 
face to allow irrigation and/or aspiration of the wound, wherein the point at 
which the or each inlet pipe and the or each outlet pipe passes through 
and/or under the wound-facing face forming a relatively fluid-tight seal or 
closure over the wound; and means for stressing the wound bed and 
1 0 optionally tissue surrounding the wound. 

The dressing is advantageously provided for use in a bacteria-proof pouch. 

Examples of suitable forms of such wound dressings are as described by 
1 5 way of example hereinbefore. 

In a third aspect of the present invention there is provided a method of 
treating wounds to promote wound healing using the apparatus for 
aspirating, irrigating and/or cleansing wounds of the present invention. 

20 

The present invention will now be described by way of example only with 
reference to the accompanying drawings in which, in all schematics, the 
means for applying stress to the wound bed omitted for clarity. 

25 Figure 1 is a schematic view of an apparatus for aspirating, irrigating and/or 
cleansing a wound according to the present invention that has a single 
device for moving fluid through the wound applied to the aspirate in the fluid 
offtake tube downstream of and away from the wound dressing, 
in combination with means for supply flow regulation, connected to a fluid 

30 supply tube, and means for aspirate flow regulation, connected to a fluid 
offtake tube. 

Figure 2 is a schematic view of another apparatus for aspirating, irrigating 
and/or cleansing a wound according to the present invention that has 
35 a first device for moving fluid through the wound applied to the aspirate in 
the fluid offtake tube downstream of and away from the wound dressing, 
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with means for aspirate flow regulation, connected to a fluid offtake tube; 
and a second device for moving fluid through the wound applied to the 
irrigant in the fluid supply tube upstream of and towards the wound 
dressing. 

5 

Figures 3 to 8 are views of conformable wound dressings for aspirating 
and/or irrigating wounds. 

In these, Figures 3a to 5a are plan views of the wound dressings, and 
10 Figures 3b, 4b, 5b, 6, 7 and 8a are cross-sectional side views of the wound 
dressings. Figure 8b shows an isometric view of a stack of layers in an 
exploded inlet manifold. 

Figures 9a to d are variants of a two-pump system with essentially identical, 
15 and identically numbered, components as in Figure 2, except that there is a 
pump bypass loop, a filter downstream of the aspirate collection vessel, and 
a bleed regulator, such as a rotary valve, connected to the fluid offtake tube 
or to the wound space, for the regulation of the positive or negative 
pressure applied to the wound. 

20 

Figures 10a to c are variants of a two-pump system with essentially 
identical, and identically numbered, components as in Figures 9, except 
that they have various means for varying the regulation of the positive or 
negative pressure applied to the wound. 

25 

Figures 11a and b are variants of a two-pump system with essentially 
identical, and identically numbered, components as in Figures 9a to d. 
However, they have alternative means for handling the aspirate flow to the 
aspirate collection vessel under negative or positive pressure to the wound 
30 in simultaneous aspiration and irrigation of the wound, including in Figure 
1 lb a third device for moving fluid into a waste bag. 

Figure 12 is a single-pump system essentially with the omission from the 
apparatus of Figures 9a to d of the second device for moving irrigant fluid 
35 into the wound dressing. 
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Referring to Figure 1, the apparatus (1) for aspirating, irrigating and/or 
cleansing wounds comprises a conformable wound dressing (2), liaving 
a backing layer (3) which is capable of forming a relatively fluid-tight seal or 
closure (4) over a wound (5) and 
5 one inlet pipe (6) for connection to a fluid supply tube (7), which passes 
through the wound-facing face of the backing layer (5) at (8), and 
one outlet pipe (9) for connection to a fluid offtake tube (10), which passes 
through the wound-facing face at (1 1), 

the points (8), (11) at which the inlet pipe and the outlet pipe passes 
10 through and/or under the wound-facing face fonning a relatively fluid-tight 
seal or closure over the wound; 

the inlet pipe being connected via means for supply flow regulation, here a 
valve (14), by the fluid supply tube (7) to a fluid reservoir (12), and 
the outlet pipe (9) being connected via means for aspirate flow regulation, 
15 here a valve (16) and a fluid offtake tube (10) to waste, e.g. to a collection 
bag (not shown); 

a device for moving fluid through the wound (17), here a diaphragm pump 
(18), e.g. preferably a small portable diaphragm pump, acting on the fluid 
aspiration tube (13) to apply a low negative pressure on the wound; and 

20 the valve (14) in the fluid supply tube (7), the valve (16) in the fluid offtake 
tube (10), and the diaphragm pump (18), providing means for providing 
simultaneous aspiration and irrigation of the wound (17), 
such that fluid may be supplied to fill the flowpath from the fluid reservoir via 
the fluid supply tube (via the means for supply flow regulation) and moved 

25 by the device through the flow path. 

The operation of the apparatus is as described hereinbefore. 

Referring to Figure 2, the apparatus (21) is a variant two-pump system with 
30 essentially identical, and identically numbered, components as in Figure 1, 
except that 

there is no means for supply flow regulation in the fluid supply tube (7) from 
the fluid reservoir (12B), and 
there is 

35 a first device for moving fluid through the wound (17), here a diaphragm 
pump (18A), e.g. preferably a small portable diaphragm pump, acting on 
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the fluid aspiration tube (13) downstream of and away from the wound 
dressing to apply a low negative pressure on the wound; with 
means for aspirate flow regulation here a valve (16) connected to the fluid 
offtake tube (10) and a vacuum vessel (aspirate collection jar) (12A); and 

5 

a second device for moving fluid through the wound (17), here a peristaltic 
pump (18B), e.g. preferably a small portable diaphragm pump, applied to 
the irrigant in the fluid supply tube (7) upstream of and towards the wound 

dressing, 

10 the first device (18A) and second device (18B), and the valve (16) in the 
fluid offtake tube (10), and the diaphragm pump (18), providing means for 
providing simultaneous aspiration and irrigation of the wound (17), such 
that fluid may be supplied to fill the flowpath from the fluid reservoir via the 
fluid supply tube (via the means for supply flow regulation) and moved by 

1 5 the devices through the flow path. 

The operation of the apparatus is as described hereinbefore 

Referring to Figures 3a and 3b, a wound dressing suitable for shallower 
20 wounds is shown. This comprises a circular backing layer (42) and a 
circular upwardly dished first membrane (61) with apertures (62) that is 
permanently attached to the backing layer (42) by heat-sealing to form a 
circular pouch (63). 

25 The pouch (63) communicates with the inlet pipe (46) through a hole (64), 
and thus effectively forms an inlet pipe manifold that delivers the circulating 
fluid directly to the wound when the dressing is in use. 

An annular second membrane (65) with openings (66) is permanently 
30 attached to the backing layer (42) by heat-sealing to form an annular 
chamber (67) with the layer (42). 

The chamber (67) communicates with the outlet pipe (47) through an orifice 
(68), and thus effectively forms an outlet pipe manifold that collects the fluid 
35 directly from the wound when the dressing is in use. 
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Referring to Figures 4a and 4b, a variant of the dressing of Figures 3a and 
3b that is a more suitable form for deeper wounds is shown. 

This comprises a circular backing layer (42) and a filler (69), in the form of 
5 an inverted frustroconical, solid integer, here a resilient elastomeric foam, 
formed of a thermoplastic, or preferably a cross-linked plastics foam. 

It is permanently attached to the backing layer (42), with an adhesive film 
(not shown) or by heat-sealing. 

10 

A circular upwardly dished sheet (70) lies under and conforms to, but is a 
separate structure, permanently unattached to, the backing layer (42) and 
the solid integer (69). 

15 A circular upwardly dished first membrane (71) with apertures (72) is 
permanently attached to the sheet (70) by heat-sealing to form a circular 
pouch (73) with the sheet (70). 

The pouch (73) communicates with the inlet pipe (46) through a hole (74), 
20 and thus effectively forms an inlet pipe manifold that delivers the circulating 
fluid directly to the wound when the dressing is in use. 
An annular second membrane (75) with openings (76) is permanently 
attached to the sheet (70) by heat-sealing to form an annular chamber (77) 
with the sheet (70). 

25 

The chamber (77) communicates with the outlet pipe (77) through an orifice 
(78), and thus effectively forms an outlet pipe manifold that collects the fluid 
directly from the wound when the dressing is in use. 

30 Alternatively, where appropriate the dressing may be provided in a form in 
which the circular upwardly dished sheet (70) functions as the backing layer 
and the solid filler (69) sits on the sheet (70) as the backing layer, rather 
than under it. The filler (69) is held in place with an adhesive film or tape, 
instead of the backing layer (42). This is illustrated in Figures 4a and 4b. 

35 
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Referring to Figures 5a and 5b, a dressing tliat is a more suitable form for 
deeper wounds is stiown. 

This comprises a circular backing layer (42) and a filler (79), in the form of 
5 an inverted generally hemispherical integer, e.g a resilient elastomeric foam 
or a hollow body filled with a fluid, e.g. a gel that urges it to the wound 
shape, and permanently unattached to the backing layer. 

The inlet pipe (46) and outlet pipe (47) are mounted peripherally in the 
10 backing layer (42). 

A circular upwardly dished sheet (80) lies under and conforms to, but is a 
separate structure, permanently unattached to, the backing layer (42) and 
the filler (79). 

15 

A circular upwardly dished bilaminate membrane (81) has a closed channel 
(82) between its laminar components, with 

perforations (83) along its length on the outer surface (84) of the dish 
formed by the membrane (81) and 
20 an opening (85) at the outer end of its spiral helix, through which the 
channel (82) communicates with the inlet pipe (46), 

and thus effectively forms an inlet pipe manifold that delivers the circulating 
fluid directly to the wound when the dressing is in use. 

25 The membrane (81) also has apertures (86) between and along the length 
of the turns of the channel (82), 

The inner surface (87) of the dish formed by the membrane (81) is 
permanently attached at its innermost points (88) with an adhesive film (not 
30 shown) or by heat-sealing to the sheet (80). This defines a mating closed 
spirohelical conduit (89). 

At the outermost end of its spiral helix, the conduit (89) communicates 
through an opening (90) with the outlet pipe (47) and is thus effectively an 
35 outlet manifold to collect the fluid directly from the wound via the apertures 
(86). 
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Referring to Figures 6 and 7, tliese forms of the dressing are provided witli 
a wound filler (348) under a circular backing layer (42). 
This comprises respectively a generally downwardly domed or oblately 
spheroidal conformable hollow body, defined by a membrane (349) which is 
5 filled with a fluid, here air or nitrogen, that urges it to the wound shape. 

An inflation inlet pipe (350), inlet pipe (46) and outlet pipe (47) are mounted 
centrally in the boss (351) in the backing layer (42) above the hollow body 
(348). The inflation inlet pipe (350) communicates with the interior of the 
10 hollow body (348), to permit inflation of the body (348). Though such 
inflation of the hollow body (348) the stress applied to the wound can be 
varied by varying the pressure within the hollow body (348). 

The inlet pipe (46) extends in a pipe (352) effectively through the hollow 
15 body (348). The outlet pipe (47) extends radially immediately under the 
backing layer (42). 

In Figure 6, the pipe (352) communicates with an inlet manifold (353), 
formed by a membrane (361) with apertures (362) that is permanently 
20 attached to the filler (348) by heat-sealing. It is filled with foam (363) 
formed of a suitable material, e.g. a resilient thermoplastic. Preferred 
materials include reticulated filtration polyurethane foams with small 
apertures or pores. 

25 The filler (348) is permanently attached to the backing layer via a boss 
(351), which is e.g. heat-sealed to the backing layer (42). 

In Figure 7, the outlet pipe (47) communicates with a layer of foam (364) 
formed of a suitable material, e.g. a resilient thermoplastic. Again, 
30 preferred materials include reticulated filtration polyurethane foams with 
small apertures or pores. 

In both of Figures 6 and 7, in use, the pipe (352) ends in one or more 
openings that deliver the irrigant fluid directly from the wound bed over an 
35 extended area. 
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Similarly, the outlet pipe (47) effectively collects the fluid radially from the 
wound periphery when the dressing is in use. 

The form of the dressing shown in Figures 6 and 7 is a more suitable layout 
for deeper wounds. 

5 

Referring to Figure 8 (a and b), another form for deeper wounds is shown. 
This comprises a circular, or more usually square or rectangular backing 
layer (342) and a chamber (363) in the form of a deeply indented disc much 
like a multiple Maltese cross or a stylised rose. 

10 

This is defined by an upper impervious membrane (361) and a lower 
porous film (362) with apertures (364) that deliver the irrigant fluid directly to 
the wound bed over an extended area, and thus effectively forms an inlet 
manifold. Three configurations of the chamber (363) are shown in Figure 
15 8b, all of which are able to conform well to the wound bed by the arms 
closing in and possibly overlapping in insertion into the wound. 

The space above the chamber (363) is filled with a wound filler (348) under 
the backing layer (342). This comprises an oblately spheroidal conformable 

20 hollow body, defined by a membrane (349) that can be filled with a fluid, 
here air or nitrogen, that urges it to the wound shape. An inflation inlet pipe 
(350) is mounted centrally in a first boss (370) in the backing layer (342) 
above the hollow body (348). The inflation inlet pipe (350) communicates 
with the interior of the hollow body (348), to permit inflation of the body 

25 (348). Again, this inflation of the hollow body (348) is conveniently a means 
to apply stress to the wound. 

A moulded hat-shaped boss (351) is mounted centrally on the upper 
impervious membrane (361) of the chamber (363). It has three internal 
30 channels, conduits or passages through it (not shown), each with entry and 
exit apertures. 

The filler (348) is attached to the membrane (361) of the chamber (363) by 
adhesive, heat welding or a mechanical fixator, such as a cooperating pin 
35 and socket. 
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An inflation inlet pipe (350), inlet pipe (346) and outlet pipe (347) pass 
under the edge of the proximal face of the backing layer (342) of the 
dressing. 

5 They extend radially immediately under the filler (348) and over the 
membrane (361) of the chamber (363) to each mate with an entry aperture 
in the boss (351). 

An exit to the internal channel, conduit or passage through it that receives 
10 the inflation inlet pipe (350) communicates with the interior of the hollow 
filler (348), to permit inflation. 

An exit to the internal channel, conduit or passage that receives the inlet 
pipe (346) communicates with the interior of the chamber (363) to deliver 
15 the irrigant fluid via the chamber (363) to the wound bed over an extended 
area. 

Similarly, an exit to the internal channel, conduit or passage that receives 
the outlet pipe (347) communicates with the space above the chamber 
20 (363) and under the wound filler (348), and collects flow of irrigant and/or 
wound exudate radially from the wound periphery. 

Referring to Figure 9a, the apparatus (21) is a variant two-pump system 
with essentially identical, and identically numbered, components as in 
25 Figure 2. 

Thus, there is a means for supply flow regulation, here a valve (14) in the 
fluid supply tube (7) from the fluid reservoir (12B), and 
a first device for moving fluid through the wound (17), here a fixed-speed 
30 diaphragm pump (18A), e.g. preferably a small portable diaphragm pump, 
acting not on the fluid aspiration tube (13), but on an air aspiration tube 
(113) downstream of and away from an aspirate collection vessel (12A) to 
apply a low negative pressure on the wound through the aspirate collection 
vessel (12A); with 

35 a second device for moving fluid through the wound (17), here a fixed- 
speed peristaltic pump (18B), e.g. preferably a small portable peristaltic 
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pump, applied to the irrigant in the fluid supply tube (7) upstream of and 
towards the wound dressing, 

the first device (18A) and second device (18B), and the valve (14) in the 
fluid supply tube (7), providing means for providing simultaneous aspiration 
5 and irrigation of the wound (17), such that fluid may be supplied to fill the 
flowpath from the fluid reservoir via the fluid supply tube (via the means for 
supply flow regulation) and moved by the devices through the flow path. 

There is no means for aspirate flow regulation, e.g. a valve connected to 
10 the fluid offtake tube (10), 

Since first device (18A) and second device (18B) are fixed-speed, the valve 
(14) in the fluid supply tube (7) provides the sole means for varying the 
irrigant flow rate and the low negative pressure on the wound. 

15 

The following extra features are present : 

The second device, the fixed-speed peristaltic pump (18B), is provided with 
means for avoiding over-pressure, in the form of a bypass loop with a non- 
20 return valve (1 1 5). The loop runs from the fluid supply tube (7) downstream 
of the pump (188) to a point in the fluid supply tube (7) upstream of the 
pump (18B). 

A pressure monitor (116) connected to the fluid offtake tube (10) has a 
25 feedback connection to a bleed regulator, here a motorised rotary valve 
(117) on a bleed tube (118) running to and centrally penetrating the top of 
the aspirate collection vessel (12A). This provides means for holding the 
low negative pressure on the wound at a steady level. 

30 A filter (119) downstream of the aspirate collection vessel (12A) prevents 
passage of gas- (often air-) borne particulates, including liquids and micro- 
organisms, from the irrigant and/or exudate that passes into the aspirate 
collection vessel (12A) into the first device (18A), whilst allowing the carrier 
gas to pass through the air aspiration tube (113) downstream of It to the 

35 first device (18A). The operation of the apparatus is as described 
hereinbefore 
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Referring to Figure 9b, this shows an alternative layout of the essentially 
identical, and identically numbered, components In Figure 9a downstream 
of point A in Figure 9a. The bleed tube (118) runs to the air aspiration tube 
(113) downstream of the filter (119), rather than into the aspirate collection 
5 vessel (12a). This provides means for holding the low negative pressure on 
the wound at a steady level. The operation of the apparatus is as 
described hereinbefore 

Referring to Figure 9c, this shows an alternative layout of the essentially 
10 identical, and identically numbered, components in Figure 9a upstream of 
point B in Figure 9a. The second device (18B) is a variable-speed pump, 
and the valve (14) in the fluid supply tube (7) is omitted. The second device 
(188) is the sole means for varying the irrigant flow rate and the low 
negative pressure on the wound. The operation of the apparatus is as 
15 described hereinbefore 

Referring to Figure 9d, this shows an alternative layout of the essentially 
identical, and identically numbered, components in Figure 9a downstream 
of point B in Figure 9a. 
20 The pressure monitor (116) Is connected to a monitor offtake tube (120) 
and has a feedback connection to the bleed regulator, motorised rotary 
valve (117) on a bleed tube (118) running to the monitor offtake tube (120). 
This provides means for holding the low negative pressure on the wound at 
a steady level. The operation of the apparatus is as described hereinbefore 

25 

Referring to Figure 10a, this shows another alternative layout of the 
essentially identical, and identically numbered, components in Figure 9a 
downstream of point B in Figure 9a. The pressure monitor (116) is 
connected to a monitor offtake tube (120) and has a feedback connection to 
30 a means for aspirate flow regulation, here a motorised valve (16) in the air 
aspiration tube (1 1 3) downstream of the filter (1 1 9). 

This provides means for aspirate flow regulation and for holding the low 
negative pressure on the wound at a steady level. The operation of the 
35 apparatus is as described hereinbefore 
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Referring to Figure 10b, this shows another alternative layout of the 
essentially identical, and identically numbered, connpbnents in Figure 10a 
downstream of point B in Figure 9a. The pressure monitor (116) is 
connected to a monitor offtake tube (120) and has a feedback connection to 
5 a means for aspirate flow regulation, here a motorised valve (16), in the 
fluid offtake tube (10) upstream of the aspirate collection vessel (12a). 

This provides means for aspirate flow regulation and for holding the low 
negative pressure on the wound at a steady level. The operation of the 
1 0 apparatus is as described hereinbefore 

Referring to Figure 10c, this shows another alternative layout of the 
essentially identical, and identically numbered, components in Figure 10a 
downstream of point B in Figure 9a. The pressure monitor (116) is 
15 connected to a monitor offtake tube (120) and has a feedback connection to 
a variable-speed first device (18A), here a variable-speed pump, 
downstream of the filter (119), and the valve (16) in the fluid offtake tube 
(10) is omitted. 

20 This provides means for aspirate flow regulation and for holding the low 
negative pressure on the wound at a steady level. The operation of the 
apparatus is as described hereinbefore. 

Referring to Figure 11a, this shows another alternative layout of the 
25 essentially identical, and identically numbered, components in Figure 10c 
downstream of point B in Figure 9a, and alternative means for handling the 
aspirate flow to the aspirate collection vessel under negative or positive 
pressure to the wound. 

30 The pressure monitor (116) is connected to a monitor offtake tube (120) 
and has a feedback connection to a variable-speed first device (18A), here 
a variable-speed pump, upstream of the aspirate collection vessel (12A), 
and the filter (119) and the air aspiration tube (113) are omitted. This 
provides means for aspirate flow regulation and for holding the low negative 

35 pressure on the wound at a steady level. The operation of the apparatus is 
as described hereinbefore. 
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Referring to Figure 11b, this shows another alternative layout of the 
essentially identical, and identically numbered, components in Figure 10c 
downstream of point B in Figure 9a, and alternative means for handling the 
aspirate flow to the aspirate collection vessel under negative or positive 
5 pressure to the wound. The pressure monitor (116) is omitted, as is the 
feedback connection to a variable-speed first device (18A), here a variable- 
speed pump, downstream of the aspirate collection vessel (12A) and the 
filter (119). A third device (18C), here a fixed-speed pump, provides means 
for moving fluid from the aspirate collection vessel (12A) into a waste bag 
10 (12C). The operation of the apparatus is as described hereinbefore. 

Referring to Figure 12, this shows an alternative layout of the essentially 
identical, and identically numbered, components in Figure 9a upstream of 
point A in Figure 9a. 

15 

It is a single-pump system essentially with the omission from the apparatus 
of Figure 9a of the second device for moving irrigant fluid into the wound 
dressing. The operation of the apparatus is as described hereinbefore. 

20 Demonstration of in vitro effects of applying stress to cells in a 
simulated wound. 

Objective 

To determine the total amount of collagen deposited by human dermal 
25 fibroblasts on silica Flexercell plates following macrostress treatment over a 
period of time. 

Methods 
30 Cells 

Human dermal fibroblasts (HS8/BS04) were used. Experiments were 
performed whereby fibroblasts (5x10^ per well) were seeded in silicone 
membrane 6 well plates (Flexercell), supplied by Flexcell Intl. Hillsborough, 
NC and subjected to a range of 'macrostress' (macrostress as used in this 
35 example refers to stress applied to the cells by way of mechanical 
stretching) treatments for 48 hours, whereby the cells were subjected to a 
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strewn of 15% (i.e. 15% elongation of the cell substrate) at a frequency of 
0.1Hz on a cycle having a sine wave profile. The Flexercell, Tension 
Plus™ system is a computer-driven instrument that simulates biological 
strain conditions using vacuum pressure to deform cells cultured on flexible, 
5 matrix-bonded growth surfaces of BioFlex® series culture plates. Following 
experimentation, media was removed, the cells were washed in PBS and 
stored at -70°C until analysed for collagen levels. 

The cells were exposed to sequential (SEQ) or simultaneous (SIA) 
10 irrigation/aspiration. For SIA, a flow rate of 0.1 ml per minute was used. 
For sequential, 10 empty/fill cycles were performed over the 48 hour period, 
each empty/fill taking 1 hour to complete. The media used was 
DMEM/10% FCS. 

15 Collagen Quantification 

The collagen content present on the 6 well plates was determined using a 
hydroxyl proline quantification assay which 2 ml papain buffer was used to 
digest any collagen due to the larger surface area. 

20 RT-PCR 

Relative quantification of plasminogen inhibitor activiator 2 (PIA-2) amd 
collagen la gene expression was determined using the Taqman RT-PCR 
machine. 

25 RNA Extraction 

Cells were scraped from the well in RLN buffer and the RNA from 3 sample 
wells were pooled using one RNeasy mini column. Control RNA was 
extracted from fibroblasts grown to confluence in a T175 flask. 

30 RNA extraction from fibroblasts was performed using reagents and 
protocols described in RNeasy Mini Handbook (Qiagen) and RLN buffer (50 
mM Tris-HCI, Sigma, lot 033K8418; 140mM NaCl, Sigma, lot 013K8930; 
1.5mM MgCb, Sigma, lot 082K8938; 0.5% (v/v) Igepal (Sigma, lot 
102K0025); lO^il/ml P-mercaptoethanol, Sigma, lot 102K0025, made up to 

35 volume in Molecular Biology grade water (Sigma, lot, 23K2444). . 
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Following elution from the spin column in 50 |llI water, the RNA was 
quantified using a spectrophotometer. 

cDNA Preparation 

5 cDNA was prepared from RNA using Omniscript reverse transcription kit 
(Qiagen) with Random Hexamer primers (Applied Biosystems, lot G07487). 
The reaction was completed by heating for 1 hour at 37°C and stored at 
-20°C until required. 

10 RT-PCR Primers 

Three gene products were selected as they had previously been shown to 
be up-regulated during Flexercell Macrostress treatment (Kessler, et al, 
JBC, 276, 39, 36575-36585, 2001). Primers were synthesised by MWG 
Biotech. 

15 

Collagen la: F - 5' ACA TGC CGA GAC TTG AGA CTC A 

R - 5' GCA TCC ATA GTA CAT CCT TGG TTA GG 
(from Wong et al, Tissue Engineering, 8, 6, 979-2002) 

20 PAI-2: F - 5' AAT GCA TCC ACA GGG GAT TA 

R - 5' CGC AGA CTT CTC ACC AAA CA 
(Designed using Primer 3 software, sequence from accession no. H81869) 

1 8S rRNA F - 5' CGG CTA CCA CAT CCA AGG AA 
25 R - 5' GCT GGA ATT ACC GCG GCT 

(18S rRNA housekeeping gene primers previously designed and 
synthesised by Sigma). 

SYBR Green 

30 SYBR green reagent (Applied Biosystems, lot 0505023) master mix was 
prepared as per manufacturers protocol. Briefly, 50% v/v SYBR green, 
0.05 % primer 1 , 0.05% primer 2, made up to 100% in RNase free water. 5 
ix\ cDNA template and 45|j,I SYBR green added per well. 



35 PCR 
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The RT-PCR was performed using 7700 Taqman RT-PCR system 
(SOP/BC/227). The run conditions were: 

1) 50°C for 2 minutes 

2) 95°Cfor 10 minutes 
5 3) 95°C for 1 5 seconds 

4) 60°C for 1 minute 

Conditions 3 and 4 repeated for a total of 40 cycles. 

10 To ensure a single PGR product had been amplified, a melt analysis on the 
product was performed using the following conditions: 

1) 95°C for 15 seconds 

2) 60°C for 20 seconds 

3) 95°C for 15 seconds 

15 

A ramp time of 19.59 minutes between stage 2 and 3 was used to 
determine the degradation temperature. 

Results and Discussion 

20 

Collagen Quantification 

The amount of collagen present in each well of a six well Flexercell plate 
was determined using the hydroxyproline quantification assay. Fibroblast 
cells, seeded at either 5x10^ or 5x10^ per well were grown on laminin 

25 coated plates for 72 hours. The absorbance values determined following 
analysis were very low, showing that the amount of collagen present was 
also very low. Unfortunately, an error was made when preparing the 
hydroxyproline standard curve whereby the stock solution was not diluted 
10 fold so it was not possible to give an amount of hydroxyproline present. 

30 This error would only have affected the standards. The low values showed 
that this assay was not suitable for measuring such low collagen contents. 

A second hydroxyproline determination assay was performed using gas 
chromatography (GS-MS). This analysis also revealed very low collagen 
35 content present in the 6 well plates. 
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RT-PCR 

As the cells only had 72 hours to proliferate and synthesis new collagen, a 
short length of time, it was decided to look for changes in the level of gene 
expression, which, generally relates to changes in the amount of protein 
5 synthesised as the cells proliferate. 

The genes of interest chosen to investigate were collagen 1a and 
plasminogen activator inhibitor 2 (PIA-2) genes as these had previously 
been shown to be induced In stressed collagen lattices (Kessler at al, JBC, 
10 276, 39, pp36575-36585, 2001). The level of gene expression of the genes 
of interest is expressed as a ratio against 18S rRNA, a house-keeping 
gene, shown previously (Kessler et al, 2001) to remain at a steady level of 
expression. 

15 For the RT-PCR experiments, fibroblasts were grown and subjected to 15% 
strain, 0.1Hz frequency for 48 hours, with control samples not being 
subjected to these conditions. Also, they were subjected to either 
continuous irrigate aspiration of media (SIA), or a series of 1 hour empty/fill 
cycles (SEQ). All systems were kept under vacuum of ~ 25 mbar below 

20 atmospheric. 

The level of PAI-2 gene expression was determined in fibroblasts subjected 
to the four sets of conditions described above. The results are shown in 
table 1. 

25 



30 Table 1 



SIA only 


1.6 


SEQ only 


5.3 


SIA plus macrostress 


5.4 


SEQ plus macrostress 


5.3 
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The results show that there is an increase in the level of PAI-2 gene 
expression when fibroblasts in the SIA system are subjected to macrostress 
(at 15% strain, 0.1Hz frequency; n=1). However, the level of expression is 
also elevated in both SEQ and SEQ plus macrostress fibroblasts. 
5 Unfortunately, due to technical difficulties during the initial macrostress 
Flexercell experiments, only one set of experimental plates were available 
for analysis. 

Conclusions 

10 RT-PCR analysis of PAI-2 gene expression showed an increase in the level 
of expression in SIA plus macrostress compared to SIA only. This 
demonstrates the effect of macrostress on the activity of the cells in the in 
vitro wound simulation, and supports the role of macrostress in wound 
healing. 

15 

There was no difference in the level of expression in SEQ and SEQ plus 
macrostress fibroblasts. 

Due to technical difficulties, these results are from an n=1, therefore care 
20 needs to be taken when interpreting the results. However, the results 
indicate that application of macrostress to cells during SIA irrigation leads to 
increase levels of cell activity, and possibly of collagen production. This 
reflects on increase in healing activity where stress is applied. 

25 The results of the SEQ analysis are puzzling, and may be the results of an 
unidentified error in the protocol. Future experiments will be required to 
confirm this. An alternative hypothesis is that additional stresses induced 
by the fill/empty cycle may have inadvertently resulted in stress being 
applied to the control population. 
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CLAIMS 

1) An apparatus for aspirating, irrigating and/or cleansing a wound, 
comprising: 

5 a) a fluid flow path, comprising a conformable wound dressing, having 
a backing layer which is capable of forming a relatively fluid-tight 
seal or closure over a wound, 

at least one pipe which passes through and/or under the wound- 
facing face to allow irrigation and/or aspiration of the wound, 
10 wherein the point at which the pipe passes through and/or under the 

wound-facing face forming a relatively fluid-tight seal or closure over 
the wound, when in use; 

b) a fluid reservoir connectable by a fluid supply tube to the pipe; and 

c) at least one device for moving fluid through the wound dressing to 
15 the wound and/or moving fluid from the wound; 

characterised in that the apparatus comprises 

d) means for applying stress to the wound bed and optionally tissue 
surrounding the wound. 

20 2) The apparatus of claim 1 which comprises at least one inlet pipe for 
connection to a fluid supply tube to allow irrigation and at least one 
outlet pipe for connection to a fluid offtake tube to allow aspiration, 
each of which passes through and/or under the wound-facing face. 

25 3) The apparatus of claim 2 which comprises means for simultaneous 
aspiration and irrigation of the wound, such that fluid may be 
supplied to fill the flowpath from the fluid reservoir via the fluid supply 
tube while fluid is aspirated by a device through the fluid offtake. 

30 4) The apparatus of any one of claims 1 to 3 in which the means for 
applying stress to the wound bed is capable of applying an optionally 
varying positive and/or negative pressure to the wound bed. 

5) The apparatus of claim 4 in which the means for applying stress to 
35 the wound bed comprises at least one expandable and contractible 

module capable of applying pressure to the wound bed. 
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6) The apparatus of claim 5 wherein the expandable and contractible 
module comprises a fluid-inflatable body. 

7) The apparatus of claim 6 wherein the fluid-inflatable body is 
5 inflatable by a gas, liquid, gas in liquid aerosol and/or a gel. 

8) The apparatus of claim 7 wherein the fluid-inflatable body is a fluid- 
inflatable irrigant inlet manifold. 

10 9) The apparatus of claim 8 wherein the manifold covers and contacts a 
significant area of the wound bed with openings that deliver the fluid 
directly to the wound bed over an extended area. 

10) The apparatus of claim 8 or 9 wherein the manifold comprises of one 
15 or more inflatable hollow bodies defined by a film sheet or 

membrane. 



11) The apparatus of any one of claims 8 to 10 wherein the manifold 
covers 50% or greater of the wound bed. 

20 

12) The apparatus of any one of claims 6 to 11 wherein the fluid- 
inflatable body comprises a fluid-inflatable wound filler. 

13) The apparatus of claim 12 wherein the fluid-inflatable wound filler is 
25 an inlet manifold. 



14) The apparatus of any one of claims 6 to 13 wherein the fluid- 
inflatable body is partially filled with an elastically resilient material, 
such as an elastomeric foam. 

30 

15) The apparatus of any one of claims 6 to 14 wherein the fluid- 
inflatable body comprises a substantially flat film, sheet or 
membrane, defining a chamber, pouch or other structure of the 
backing layer. 
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16) The apparatus of any one of claims 6 to 15 comprising an inflation 
and/or deflation pump for inflating or deflating the fluid-inflatable 
body. 

5 17) The apparatus of claim 16 wherein the inflation and/or deflation 
pump is reversible. 



10 



18) The apparatus of claim 16 or 17 wherein the inflation and/or deflation 
pump is a piston pump or rotary pump. 

19) The apparatus of claim 18 wherein the inflation and/or deflation 
pump is a peristaltic pump. 

20) The apparatus of any preceding claim in which the means for 
15 applying stress to the wound bed is capable of varying the pressure 

by up 50% above and below atmospheric pressure. 

21) The apparatus of any preceding claim in which the means for 
applying stress to the wound bed is capable of varying pressure in 

20 regular or irregular cycles. 

22) The apparatus of claim 21 in which the frequency of regular or 
irregular cycles is between 1 to 48 per 24hr. 

25 23) The apparatus of any preceding claim in which the means for 
applying stress to the wound bed is capable of varying pressure in 
regular or irregular pulses. 

24) The apparatus of claim 23 in which frequencies of regular pulses for 
30 the stimulation of the healing of wounds is from 1 to 3000 per min 

(0.016-50 Hz). 



25) 

35 



The apparatus of claim 24 in which maximum amplitude for the 
pulses is up to 10 mm Hg above and below the baseline pressure. 
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26) The apparatus of any preceding claim in which the means for 
applying stress to the wound is capable of varying pressure in 
regular or irregular cycles and regular or irregular pulses, the pulses 
being superimposed on the cycles. 

5 

27) The apparatus of any preceding claim wherein the means for 
applying stress to the wound bed includes a magnetic fluid in a 
chamber or other hollow structure, 

10 28) The apparatus of any preceding claim wherein the means for 
applying stress to the wound bed comprises means to bleed fluid 
into the flow path of the apparatus, 

29) The apparatus of claims 3 wherein the means for simultaneous 
15 aspiration and irrigation of the wound comprises a first device for 

moving fluid through the wound applied to fluid downstream of and 
away from the wound dressing, in combination with at least one of 
a second device for moving fluid through the wound applied to the 
irrigant in the fluid supply tube upstream of and towards the wound 
20 dressing; 

means for aspirate flow regulation, connected to the fluid offtake 
tube; and 

means for supply flow regulation, connected to the fluid supply tube. 

25 30) The apparatus of claim 29 wherein the first and/or second device for 
moving fluid through the wound is a variable-throughput device. 

31) The apparatus of claim 30 wherein the first and/or second device is a 
variable-speed pump. 

30 

32) The apparatus of claim 31 wherein the first and/or second device for 
moving fluid through is a reciprocating pump or a rotary pump. 



33) 

35 



The apparatus of claim 32 wherein the first device is a diaphragm 
pump. 
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34) The apparatus of claim 32 wherein the second device is a peristaltic 
punnp, 

35) The apparatus of any one of claims 29 to 34 wherein the variable- 
5 throughput device is capable of pulsed, continuous, variable and/or 

automated and/or programmable fluid movement. 

36) The apparatus of any preceding claim wherein the apparatus is 
capable of applying a negative pressure within the wound dressing 

10 of up to 50% atm. 

37) The apparatus of claim 36 comprising at least one body in the flow 
path to, over and from the wound bed which has sufficient resilience 
against the pressure to allow any significant compression or 

1 5 decompression of the fluid occur. 

38) The apparatus of any preceding claim wherein the one or more pipes 
comprise a manifold which covers and contacts a significant area of 
the wound bed with openings for delivering and/or receive fluid 

20 directly to/from the wound bed over an extended area. 

39) The apparatus of any preceding claim wherein securing means are 
provided to secure the wound dressing to the site of the wound. 

25 40) A conformable wound dressing comprising: 

- a backing layer with a wound-facing face which is capable of forming 
a relatively fluid-tight seal or closure over a wound; 

- at least one pipe which passes through and/or under the wound- 
facing face to allow irrigation and/or aspiration of the wound; 

30 - the point at which the or each inlet pipe and the or each outlet pipe 

passes through and/or under the wound-facing face forming a 
relatively fluid-tight seal or closure over the wound in use; 
characterised in that 

- the wound dressing comprises means for applying stress to the 
35 wound bed and optionally tissue surrounding the wound. 

41) The wound dressing of claim 40 provided in a bacteria-proof pouch. 
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42) A method of operation of an apparatus for aspirating, irrigating 
and/or cleansing a wound, said method comprising the steps of: 

a) providing the apparatus of claim 1 ; 

b) applying the wound dressing to the wound; 

5 c) conforming the backing layer of the wound dressing to the shape 

of the bodily part in which the wound is to form a relatively fluid 
tight seal or closure; 

d) activating at least one device for moving fluid through the wound 
dressing to the wound and/or from the wound to cause irrigant to 

10 move irrigant to the wound; and 

e) activating means for applying stress to the wound bed and 
optionally tissue surrounding the wound. 

43) The method of claim 42 wherein step (e) comprises activating means 
15 to apply optionally varying positive and/or negative pressure to the 

wound bed. 

44) The method of claim 42 or 43 wherein the wound dressing 
comprises an inlet and an outlet pipe and step (d) comprises 

20 activating the at least one device of moving fluid through the wound 

dressing to move fluid through the at least one inlet (Irrigant) and out 
of the at least one outlet pipe (aspirate). 

45) The method of any one of claims 42 to 44 wherein the flow rate of 
25 fluid to the dressing is in the range of 1 to 1500 ml/hr. 

46) The method of any one of claims 42 to 45 wherein the flow rate of 
total fluid out of the dressing is in the range of 1 to 2000 ml/hr. 

30 47) The method of any one of claims 42 to 46 wherein step (d) 
comprises activating simultaneous irrigation and aspiration of the 
wound. 



48) 

35 



The method of any one of claims 42 to 46 wherein step (d) 
comprises activating sequential irrigation and aspiration of the 
wound. 
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49) The method of any one of claims 42 to 48 wherein the apparatus is 
run at a negative pressure of up to 50% atm. 

50) The method of any one of claims 42 to 49 wherein the stress is 
applied intermittently. 
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